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PREFACE 


The thesis entitled as "Hydroboration Studies on Dienes" 
is comprised of five chapters. Each chapter has further been 
subdivided into (1) Abstract/ (2) Introduction, (3) Results 
and Discussion, (4) Experimental and (5) References. Intro~ 
duction to each chapter covers a brief literature survey rele- 
vant to the title of the chapter. 

In the first chapter, cyclic hydroboration-oxidation of 
various medium- ring dienes other than 1,2-dienes has been des- 
cribed. The intermediacy of the bicyclic organoboranes has 
been proposed, and the synthesis of cis-l,5-cyclic diols has 
been achieved. The results are consistent through-put the 
structural variations among the dienes except in two cases, 
cis , cis- l,3-Cyclodecadiene leads to the formation of trans , cis- . 
p.-decalol, possibly not via the bicyclic organoborane as inter- 
mediate, The isomerization of the bicyclic organoborane obtained 
from cis , trans- 1 , S-cyclodecadiene does not follow the usual 
customary path leading to the formation of the most stable 
bicyclic organoborane, instead it goes to vinylic boron conpound 
which undergoes rehydroboration-oxidetion to give alcohol and 
ketone. The diversity in the results is definitely reflected by 
the conformational variations of the various dienes. 

The reactions of the bicyclic organoboranes with silver 
nitrate in alkaline medium (obtained from medium ring dienes) form 
the subject matter of the second chapter. The reaction has been 

Vi 



done vdtli various amounts of silver nitrate (catalytic amount# 

Isl and 3:1 silver nitrate to diene ratio). It has been shown 
that at least 1:1 molar ratio of silver nitrate to diene is needed 
to achieve complete reaction of the bicyclic organoborane* 
Furthermore# the intermediacy of a bororadical and diradical 
has been postulated with 1:1 and 3:1 silver nitrate to diene 
ratios respectively in order to explain the formation of 
ketones and olefins. 

Tlie last three chapters deal with the hydroboration of 
1# 2-dienes (allenes) . Third chapter deals with the study on 
the dihydroboration of cyclic as well as acylic allenes. Dihy- 
droboration followed by hydrogen peroxide oxidation has been 
shown to give a variety of products ranging from hydrocarboaS 
to diols. The unusual feature of this project is the formation 
of a mixture of olefins on treating the intermediate diboro 
compound with chromium trioxide in pyridine. The participa- 
tion of another boron has been put forvjard in order to explain 
these results. 

The last two chapters specifically describe some of the 
reactions of the allylic organoboranes obtained in situ by the 
raonohydrobo ration of mono- and 1# 1-di substituted allenes with 
disiaitylborane. Fourth chapter comprises essentially the 
reaction of these allylic organoboranes with acetic acid. The 
reaction of allylic organoborane obtained from 3-phenyl- 1# 2- 
butadiene (DSPBB) with aldehydes and ketone has been summarized 
in the last chapter of the thesis. Allylic rearrangement has 
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been observed in all the cases. The treatment of allylic 
organoborane with acetic acid gives exclusively terminal olefin* 
-Unsatu rated alcohols have been obtained by reacting DSPBB 
with aldehydes and 3r.etone. Those results have been explained 
® six— membered transition state involving allylboron moiety 
of the organoborane and the hydroxy group of acetic acid or 
carbonyl group of aldehydes and ketone. 
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GHAPTER I 


CYCLIC HYDROBORATIOK 
OF MSDIUI4-RI1‘33 DISHES 


I.l ABSTRACT 

The study on the cyclic hydrohoration of mediurar-ring 
dienes is descx-ibed. The hydroboration-isornerlzation-oxidation 
of ciS / Cis- 1 j3-cyclooctadiene^ ciS / Cis- l/3~, cis / Cis- 1/4-, 
ciS/ Cis~ l/5~cyclononadigne/ and cis / cis~ If 6-cyclodecadiene 
proceeds preferentially to the ci s- 1 / S-cyclic diols. These 
results can be explained via the bicyclic organoboranes* Thus, 
the procedure described provides a convenient stereospecific 
synthesis of cis- 1, S-cyclic diols in nir^- and ten-mernbered 
rings for the first time. Our results with cis , cis- l,3~, 
cis , cis- -l,4- and els , trans~ l , 5-cyclodecadiene reveal the confi~ 
gurational and conformational effects in cyclic hydrohoration. 
Furthermore, these reactions appear to be interesting from 
mechanistic point of view. 
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1.2 INTRODUCTION 

Recent developments in the field of organoboranes have 
now revealed a vast amount of their chemistry and their promise 
to become reagents of choice for many transformations in organic 
synthesis. The earlier work of Brown and coworkers^"’^ was 
directed towards finding out suitable reagents which would 
provide a convenient and more practical route to the synthesis 
of organoboranes. Finally/ it was demonstrated that diborane/ 
generated through the reaction of sodium borohydride with boron 
trifluoride etherate in diglyme/ adds to carbon— carbon double 
and triple bonds, carbon— oxygen double bond and carbon-nitrogen 
double and triple bonds to give organoboranes in almost quanti- 
tative yields (Scheme 1)^'^ The behaviour of various types of 
hydroborating agents towards a number of substrates has recently 
initiated interesting studies on stereochemistry and reaction 
mechanism. 

Scheme 1 


3 NaBH^ + 4 BF^ 



3 NaBF 


4 


•^2 B2Hg 


\ 

/ 


C*C 


/ 

“t 

\ 


\ 

/ 


c=o 


— C=N 


+ H-B^ 

\ 

+ h-b'^ 
\ 

. / 
+ B-B 

\ 






-C-C- 
H B 
I 

C*— 0— B 

I 

H 


\ 




-C=4J-B if 
1 ^ 
H 



3 


1. 2,1 Selective Hydroborating Agents 

The hy.drobo ration of an olefin affords moiioallcylf diallcyl 
or triall^ylborane, depending upon the structure of the olefin. 
The intermediate organoboranes act as a monohydrobo rating or 
dihydrbbo rating reagent ’ subj ect to the availability of 
linkage present in the borane. Rydroboration of olefins, such 
as 2-methyl-2-butene, cyclohexene, l-raetliylcyclohexeiie and 
oZ-pinene, was observed to provide di alley Iboranes (Scheme 2). 

Scheme 2 





(CE^)2CH-CH-CHj 


,BH 


Disiairylborane (DAB) 





Dicyclohexylborane (DCB) 
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Bis ( trans -2~methvl- . 
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Dii sopinocamphenyl- 
borane (DICB) 
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The disiaitYlborane (DAB) obtained from 2-raethyl- 2 -butene has 

7/8 

proved to be of raajor value as a selective hydrobo rating agent. 

The other di alley Iboranes (DCB/BMCB and DICE) are also useful as 

hydroborating agents in providing a steric control over hydro- 

bo ration as well as high selectivity in the competitive hydro- 

9 

boration of two olefins of different structures. For example^ 
the bydroboration of styrene with diborene proceeds with 81% 
attac?^ of boron at the -position whereas DAB provides 99% 
attack at the ^ -position (Scheme 3). Diisopinocamphenylborane 

Scheme 3 


CgH5-CH=CH2 

t_L 


19% 81% 


Attacic of boron with 828 ^ 


1 % 99 "% 


Attack of boron with DAB 


is an optically active hydroborating agent and achieves remarka- 

10 

ble asymmetric syntheses. 

More recently, 9-bo rabicyclo (3. 3.1) nonane^ ^ (9-BBK) obtained 
by the hydrobo ration of 1 , 5 -cyclooctadiene has been shown to be 
quite comparable to DAB as far as selectivity is concerned 
(■Scheme 4).. 
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+ 'sa,) 


Hlfdroboration of a more hindered olefin, 2 /3-dimethyl- 2- 

butene, vdth diborane joeadily proceeds to the mono alley Iborane 

7 12 13 

stage, giving rise to 2/3-dimethyl-2-butylborane * * (thexyl- 

borane) . Thes^lborane is an unique reagent for cyclic hydro- 
boration of dienes leading to the formation of boron hetero- 
cyclic compounds. (Scheme 5). Several other hydrobo rating reagents 

14 15 

like dialkoxyborane, butylthioborane, monochloro- and dichlo- 

36-18 19 

roborane, ' ' and boron aluminium alcoholate have been used 

as hydrolx) rating agents. 

Scheme 5 



9-Borabicyclo (3.3.1)- 
nonane (9-BBN ) 
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I«2.2 Mechanism and StereoGhemistiv 

The hydroboration of 1-methylcyclohexene followed hy 
oxidation with hydrogen peroxide in the presence of alkali 
affords pure trans-2-methylcyclohexanol {Scheme 6). Since the 
hydrogen peroxide oxidation is essentially quantitative and 
possesses remarkable specificity for the ?oo ron- carbon bond ^ the 
hydroboration reaction must involve a cis addition of the boron- 
hydrogen bond to the double bond. of the cyclic olefin through- a 
simple four centre cyclic transition state as shown in Scheme- 6. 


Scheme 6 



Therefore, it follows that the overall hydration proceeds as 

V. 

an anti-Markownikoff ’ s cis-hydration of the double bond, pre- 
ferentially from the less hindered site of the double bond. 

This generalization is now supported by a large number of 

20 

independent observations . 
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1.2.3 Directive Effects 

The mode of addition of moiety to the unsaturated 

linkage is very sensitive to steric and electronic factors. 

These effects will be dealt under two headings s (i) attack of 
boron controlled by steric factor, and (ii) attack of boron 
controlled both by electronic and steric factors, 

7 

(i) Attack of Boron Controlled by Steric Factor s The 
terminal olefins on hydroboration give mainly terminal organo- 
boranes, while 1/1-di substituted alkenes give exclusively organo- 
borane corresponding to terminal attack of boron. These results 
clearly show that in the case of disubstituted terminal olefins, 
the directive effect of the two substituents is overwhelming and 
it results in almost complete addition of boron to the terminal 
position of the carbon-carbon double bond. In disubstituted 
internal olefins, boron adds f^-rther from the bull^y substituent 
and in tri substituted olefins secondary position is favoured 
over tertiary by boron (Scheme 7 ) • Directive effects controlled 
by steric factors of the bulk of the hydrobo rating agents have 
been suimiarized in Schemes 3 and 4. It is interesting to 
observe that based on the study of the steric effects of 
variously positioned allsyl substituents in the cyclohexene 
system, Pasto and Klein * have developed a method for the 
convenient synthesis of t rans , trans -di-t-butylcvclohexanol . 

(ii) Attack of Boron Controlled by Electronic and 
Steric Factors : The role of electronic effects of various 
substituents in influencing the direction of addition of the 
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Scheme 7 
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RR^C=CHR'' 

U: 
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RCB=CHR" 

T T 

45% 55% 
R\ R" 


Attack of boron of diborane 


Attack of boron of diborane 


are n- alkyl moieties 


moiety to the carbon-carbon double bond has been studied 

?3 

critically by Brown and Sharp' in a number of substituted 
styrenes. Clearly / in all the cases the steric factor predomi- 
nates/ whereas electronic factor varies through different substi- 
tuents at ortho / meta and para position of the benzene ring. 

All the available evidences indicate that the addition of y B-H 
moiety involves a four-centre transition state. A group with 
a powerful electron releasing effect would be expected to favour 
the transition state (A) causing decrease in addition to the 
t^-position. On the contrary/ a group with a powerful electron 



9 


withdrawing effect should favour the transition state (B) 
(Scheme 8 ) . 

Scheme S 


S© i© 
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Transition state (B) 


24 

Similarly/ directive effects in vinyl derivatives/ 

cyclopropylf 3-cyclopentenyl , 2-butenyl/ 3-hutenyl, and 

29 

alkyl derivatives containing representative substituents ' have 

been studied by Brown and cowofkers. The effects of carboxy- 
30 3 1 

late and hydroxyl groups in the hydrobo ration of cyclohexene 

32 33 

ring have also been examined. Seyfeath and coworkers ' have 

dealt with the directive effects in the hydrobo rati on of allyl- 

trimethylsilane and vinylmethylsilane. This has been utilized 

34 

in the synthesis of cis - and t rans -t rimethylsilylcyclohexanol . 

1.2,4 Hydroboration of Conjugated and Unconluaated Dienes 
-Despite the relative recent origin of hydroboration 
reaction/ the subject has become so wide that it is very 
difficult to survey here all the develojments of interest in 
this field. So we restrict ourselves to the study of hydro- 
bo ration of conjugated and unconjugated dienes. 
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1*2.5 Hydroboration of Acyclic Dienes 

S^drobo ration of 1,3-/ 1,4- and 1,5-dienes usually gives 

cyclic organoboranes. Such organoboranes were first reported 
35 36 

by Koster, * who obtained them by thermolysis of triallcyl 
36 

organoboranes. Oxidation of cyclic organoboranes with alkaline 

7 

hydrogen peroxide gives rise to glycols. In some cases, the 
monohydroboi-ation of dienes can be controlled to produce 
unsaturated alcohols. ' 

The hydroboration of olefins proceeds quantitatively to 
the organoborane. However, the extension of hydroboration to 

7 

dienes mainly involves two problems. First, the reaction of 
difunctionai diene with polyfunctional diborane molecule results 
in the formation of polymeric products, which do not exhibit the 
customary behaviour of organoboranes. Second, the conjugated 
dienes are less reactive towards simple addition reaction as 
compared to the related olefins. Consequently, the controlled 
raoiiohydroboration of such dienes is very difficult. 

F^drobo ration of a n\iraber of repres sntativo acyclic dienes 

(1,3 -butadiene, substituted 1,3 -butadiene, 1,4-pentadiene and 1,5- 

37-41 

hexadiene) has been thoroughly investigated using borane, 
thexylborane,'*' ' disiaraylborane'^ , tetraethyldiborane and 
trimethi’’laraine-t-butylborane'^^ in solution and in vapour phasef^ 
The intermediate organoboranes on oxidation with alkaline l^dro- 
-gen peroxide yield isomeric diols, the distribution of which 
depends on the condition of hydroboration and the nature of the 
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olefin and hydrobo rating agent ,( Scheme 9), 


Scheme 9 
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(31%) 
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With disiamylborane as the hydroborating agent, more selectivity 
42 

is observed, Borane-tetrahydrofuran and thexylborane give 

12 

nearly the sarne distribution of diols. This is due to the 
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fact that both the reagents favour the intramolecular addition 

of second boron-hydrogen bond to the doiible bond of the mono- 

hydroborated diene, leading to the formation of cyclic organo- 

boranes. The high yield of 1,4-diol from 1, 5-pentadiene is also 

attributed to the prominent tendency tov/ard cyclization. This 

observation argues against the thermodynamic control of the 

product formation in hydroboration of dienes under the conditions 
40 

used. The position of the boron atom in the thermal rearrange- 
ment of bis (l-boracycioall?yl) alkane ip-epared by hydroboration of 
c; diene v/ith BH^-THF (3s2) is dictated by the size of heteix) 
ring. It has bean established that boracyclohexane (borinane) 
is more stable than boracyclopentane or boracycloheptane 
(scheme 10). 

Scheme 10 



The use of thexylborane as hydroborating agent avoids the forma- 
tion of insoluble polxmieric organoboranes, B-allcylboracyclo- 

36 

alkanes are synthesized using trimsthyl amine- t-butylborane 

43 ■ 

and tetraalkyldiborane. (Scheme 11; • 

Eydrobo ration of 1,3-butadiene results in the fomation 
of a mixture of 1,3- and 1,4-butane thiols. The relative yield 
of the diols is markedly influenced bST reaction conditions. 



Scheme 11 


13 



fin ^ 

+ t-BuBH2-N (GH^ ) 3 > 


t-Bu 



4 * 











+ (C2H5)3B 


Addition of borane in tetrahydrofuran to butadiene in r.lw aai'ae sol- 
vent results in rapid utilisation of the available hydride and 
gives 1/3- and 1/ 4-butane diols in the ratio 24 s 76, On the other 
hand, the addition of butadiene to borane in tetrahydrofuran is 
relatively slow at the later stage and results in the formation 
of more 1/3-diol.'' ‘ The slow reaction is due to the difficulty 
experienced by the butadiene raolecule in approaching the resi- 
dual boron-hydrogen bond entangled within the three dimensional 
net— lihe structure in the polymer. 

1.2.6 Nature of the Oxxtanoboranes from the Hydroboration of 
1 / 3-3utadiene 

Hydrobo ration of 1, 3-butadiene has revealed a number 

of highly interesting and unusual features. The reaction between 

1/ 3-butadiene and diborane in 2 si molar ratio yields a distilla- 

38 

ble organoborane which exliibits high stability towards alcohols. 
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olefins and oxidizing agents. Koster has pro|X>sed its structure 

38 39 

to be that of bis-borolane ' (1) (Scheme 1.2) . However/ an 

alternate structure, l/C-diboracyclodecane (2) stabilized 

transannular boron- hydrogen bridge has been proposed by Brown 

46 

and Breuer to account for the observed unusual properties 
of this organoborane. Based on the studies of hydrogen bridge 

^ 7 

cleavage reaction, and IIJ-IR, Young and Shore “ have suggested the 
stnicture 4 to the product obtained from 1, 3-butadiene and 
diborane(lsl molar ratio) rather than 3 as pro^oosed by Koster,, 
(Scheme 12), 

Scheme 12 
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The organoboranes from 1,3-butadiene and borane in tetrahjdro- 
furan in stoichiomet ri.c ratio consist of monomeric dumb-bell 
shaped compounds, 1,3- and 1,4-diborabutanes^®”'^®''^^ (5 and 6) 
in the ratio 7 :3 , the thermal isomerization of which gives 
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gem-dibora corapo\md (7) as the major product " (Schane 13) • 

Scheme 13 



1j 1 Hydrobo ration product is foxmd to be almost entirely poly- 
meric and essentially free from 3:2 adduct (5 and 6 ) even when 

is added to 1/ 3-butadiene. The formation of polymer 

^9 50 

has been explained by Brown and his coworkers' * via 3:2 adducts 
as intermediates. The reaction of 3 s2 adducts (5 and 6) with an 
ecjuimolar quantity of borane yields a statistical mixture of 
8 (50%), 9 (25%), and 5 and 6 (25%) . (Scheme 14 ). 


Scheme 14 
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Absence of the stable dimer (J^) excludes the inter- 
mediacy of 4 since Young and Shore have report.ed that 4 reacts 
with 1/3-butadisne to fom ^ as the sole product and Z itself 

does not react vdth borane or butadiene at any appreciable rate 

A7 

at room temperature. “ i^drobo ration of 1# 3-butadiene with 
borane in totrahedrofuran in 3 j 4 molar ratio yields 9 as the 
distinct product via 3s2 adducts (5 and 6) and use of any 
excessive quantity of does not significantly affect the 

nature of reaction. 

The course of the reaction of 1^ 3-butadiene with borane 
49 

in tetrahydrofuran in various stoichiometric ratios is summa- 
rized in Scheme 15. 

Scheme 15 
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1,2.7 H vdroboration of Ch/clic '.Ijisnes 

cis f cis -1 / S-Cyclooctadiene preferentially undergoes 

dihydrobo ration to give bicyclic orgcnoborane/^'^''^^ which is 

51 

also formed by the pyrolysis of tri-cyciooctylborane. Gardner 
5 7 

and cowor'';ers “ studied the hvdroboration of. ciS / cis -1, 5-»cvclo- 
octadiene using externally generated diborane and isolated 


_cis-l,5-cx’'clooctane diol as the maior product. 



Cl 

Later Brown^ isolated the organoborane using borane solution 
in tet rally drofuran and characterized it as 9-borabicyclo (3.3,1 )- 
nonane. Oxidation of the isoraerized organoborane gives cis-1/5- 


cyclooctane diol. iriilo tT.e one w.tliDut isoiiirization giims 
a mixture of cis -l>4- and 1,5-cyclooctane dipls in which the 


1/5-diol predominates (Scheme 17 ), 
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Scheme 17 



2 . A 



Ko3t. .»r has isolated 3-etliyl-9-borabicyclo {3. 3.1) nonane 
f cis , cis -1 ^ S-cyclooctadiene and tetrastlTyldiborane (Scheme 




54 

D (+)-Limonene and vinylcyclohexene undergo cyclic 

13 

hydroboration %vitli thexylborane to give bicyclic organobranes 
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which could be utilized either in the stereospecific synthesis 

of diols or bicyclic hetones (Scheme 19) • Ffovraver/ cyclic dienes 

7 'I 

such as l#3-cycloliexadienG, cyclopentadiene * and bicycloheptci- 
diene do not undergo cyclic hyixrobo ration (Scheme 19). 


Scheme 19 



H 
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I, 2. -8 Monoliydrobo rail ion of Dienes 

Honohydrobo ration of unconjugated acyclic dienes with 

55-57 

diborane is more favoured than conjugated dienes. For 

example/ 1/ 5-liexadieRe yields very nearly the statistical 

7 37 42 

distribution of 50?'a mono- and 25% di-hydroboration products.^ * 

hi the case of cyclic dienes / monohydroboration is more favoured 

as compared to acyclic dienes, whether the diene is conjugated 

or not. Hovrever, there is competition between the two hydrobo- 

ration stages. Unsaturated alcohols have been obtained by the 

5S 7 

monohydrolx) ration of cyclopentadiene, 1,3-cyclohexadiene and 

7 

bicycioheptadiene in reasonable yield (35-70/a) rath diborane 
(Scheme 20) . 

Scheme 20 



Yield of these unsaturated alcohols has been improved by using 
55—57 

disiamylborane as hydroborating agent (Scheme 21), 



Scheme 21 
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Sia^BH 

CH^=CH-CH=CH-CHi > CH5-CH=CH-CH<,-CH„0H 

^ ^ H^Oo-ITaOH ^ ^ -i 


CH2-CH=CH2 

CH2-CH=CK^ 


Sia^BH 

H^0»-riaOH ^ 


CH2-CH=CH.2 






1 ^ 9-Cyciohexadecadiene 
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However/ cis / Cis -l/5-cvclooct adi ene undergoes dihydrobo ration 
even with disiamj^lborane. The decreased reactivity of this 
diene over olefin may be due to transannular conjugation of the 
tw double loonds. 

The organoboranes as synthetic intermediates have created 
immense interest since the discovery of the reaction of diborane 
with albenes and related unsaturated compounds. The observa- 
tion that the reaction of cis / cis -1 > 5-cvclooctadiene vri-th borane 
in tetrahydrofuran can be controlled to provide a convenient 

synthesis of 9-borabicyclo( 3, 3.1) nonane v/hich on oxidation yields 

53 

cis-1 /5-cyclooctane did, has prompted us to investigate the 
synthetic utility of this valuable reaction. Therefore, we 
undertoolz the investigation of the cyclic hydroboration of 
medium ring dienes in eight-, nine and ten-raembered rings. 

1.3 K3SULTS MO DISCUSS lOK 

The medium- ring di enes , cis , cis - 1 , 3 -eye looc t adiene (3^ ) , 
cis , cis -1, 5 -c' 7 clooct adi ene (11) , cis, trans-1, 5-cyclodecadiene 
(17) and cis , cis -1 , 6-cvclodec adiene (18 ) used in this investiga- 
tion were obtained from oamirciai firms. The otlier raedium- 

6 "? 

ring dienes , nis , cis - 1 , 3-cyc lononadiene ( 1 ^ ) , cis , cis- 1,4- 

cyciononadiene^^^ (13 ) , cis , cis -1, 5-cvclononadiene*“^ (14) , cis , cis 
l/S-cyclodecadiene^'"' (15) and cis, cis-1, 4-cyclodec adiene^ ^ (16 ) 
were synthesised by bnown procedures as described in the 
literature (Scheme 22). 
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ciS/Cis-l/3-Cyclononadiene (12) was synthesized from 

2-CYclonoiiadiene (21), which in turn was obtained from 

59-61 

c i s -eye looc tene (19 ) by a two-step sequence. The . 

1. 2- cycloiionadiene (21) obtained was found to be pure as 
analysed by GLC. All the physical and spectral properties 
were in agreement with the reported values. The treatment of 

1 . 2- cyclononadiene (21.) with hydrogen bromide in acetic acid 

in Isl mole ratio at 10-15° gave S-bromocyclononene (22) 

in 35/4 yield. The product had identical properties as reported 

62 

in the literature, Dehydrobjcomination of 3-bromocyclononene 
(22 ) by potassi^lm t-butoxide in DfrISO for 5 min at room tempera- 
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tu.re gave cis , cis -*l , 3-cvclononadiene (12) in .72% 

(Scheme 23). The product (2^) corresponded in all respects 
(GLC, IR and KMR) mth an authentic sample of cis , cis -l>3~ 

,<3 

eye lononadiene' ( 1 2 ) <> 

Scheme 23 



C A 

cis ^cii^l , 4-CycIonona.diene (13 ) was prepared by pyrolysis 
of bicyclo (6.1.0)non — 2-ene''’ (24) %diich ^•ra.s simthesized in two 

steps starting from cis / cis- lf.3--cyclooctadiene (10) (Scheme 24). 
The IR spectrum of J3 showed bands only for cis double bond. 

GLC analysis indicated it to be pure and the structure was 
confirmed 

The synthesis of the mediiim-ring diene, cis , cis~ l,5~ 

65 

c’?-c lononadiene (M) was achieved by two-step sequence starting 
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Scheme 24 



from readily available cis , cis -1 ^ 5-cvclooctadiene (11 ) 

(Scheme 25). 1/ .^/S-Cyclononatrier.e (25) was prepared by the 

reaction of carbon tetra'>re>.u la and methyl litMxom with cis , cis - 
l>5-cyclooctaaione (IJ,) at about -70°. Reduction of 1,2,6-cyclo- 
nonatriene (_^) with sodiura in liquid ammonia iDrovided 84% of 
cis , cis -1 , S-cvclononaliene (14) vjhich sho-jved identical IR and 
GLC retontion time Tritli an aiuthentic sample. 


Scheme 25 



11 


14 



26 . 
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Isomerisation of 1 , 2-cyclodecadiene ( 22 .) with potassitim 
t-butoxide in Dr-ISO for 12 hr at room temperature gave a 4 si 
mixture of ciS / Cis -~l/3- (15 ) and cj._s/c?^3-l#4-c7clc'!lecadiene (j^) 
Pure comxDounds v/ere obtained by preparative GLC and characte- 
rized using authentic samples.^® 1# 2-CYclodecadiene (^) was 
made from cis-cyclononene { 26 ) by the usual two-step synthesis 
(Scheme 26) . 

Scheme 26 



All the dienes used in the present investigation were hydrobo- 

69 

rated using borane solution in dry tetrahydrofuran. The diene 
in dry tetrahydrofuran was aided to the borane solution at 0-5^ 
in a Isl molar ratio. The resulting organoborane (s) was oxi- 
vdized with alb.aline hydrogen peroxide. Sther was used to extract 
the products formed. The crude product obtained after removal 
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of the solvent was analysed by TLC or GLC, Pure compcsonds were * 
obtained by column chromatography ^ and characterized by elemental 
analysis, IR, HHFc and preparation of suitable derivatives. Wher- 
ever possible raixed melting points using authentic samples were 
determined. The authentic samples were synthesised by un- 
equivocal methods. In some cases the structural assignment of 
the nev/ compound (s) was based on the formation of a common 
product from two isomeric dienes. For example, the common 
product formed from the hydrobo ration of cis , cis -l . 3-cvclonona- 
diene (l^) / cis,cis-l, 4-cyclononadiene (13) and cis , cis -l ^5- 
cyclononadiene (1^) was characterized as cis-l, 4-cyclononane 
diol (^) , ' This assignment was further subst-r^ntiated by the 
isomerization experiments, Hydrobo ration-isoraerization-oxida- 
tion of these dienes (12, 13 and 14) gave cis-l, 5-cyclononane 
cliol (^) as the sola product, Iloroover, the isomerization 
experiments gave an idea about the nature of the intermediate 

bicyclic organoborane (s) formed from the hydroboration of 
53 

dienes. 

1.3.1 Hydroboration of C;^clooctadienes 

I-^dro]oo ration-oxidation of cis, cis-l, 3-cyclooctadiene 
(10 ) gave cis-l, 3- (23 ) and cis -l, 4-cyclooctane diols (29 ) in 
the ratio ls4. Isomerization of the intermediate organoboranes 
from hydroboration of cis / cis -l , 3-cvclooctadiene (10 ) followed 
by oxidation gave only cis -l, 5 -cyclooctane diol (30 ) (Scheme 27), 
The identity of ail the products was confirmed by comparison 
of the mp of the diols and their bis-p-nitrobenzoates with those 
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reported in the literature or by mixed mp of the diols and the 
bis~p-nitroben 2 oates using authentic samples. S^imples 

cis -1. 4- (29) and cis-1, 5-cyclooctane diols ( 30 ) were synthe- 
sized from hydrobo ration of cis > cis -1 , 5-cvcloocta/iiene (11)'^'' 
(Scheme 27) , 


Scheme 27 

OH 



Our results clearly point out that unlike the cyclopenta- 

3 7 

diene or 1/3-cyclohexadiene/ ' the conjugated medium- ring 
diene, cis , cis -1 , 3 -cyclooctadiene (10 ) is capable of under- 
going cyclic hydroboration vjith borane in tetrahydrofuran,- The 
formation of 28 and 29 can be explained via the bicyclic organo- 
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borane intermediates^ 9-borabicyclo (5, 1.1) nonane (3^) and 
9-bo rabocyclo (4, 2.1) nonane (32)- The isomerization experiment 
indicates that the organoboranes and ^) undergo facile 
conversion to thermodynamically more stable bicyclic organo- 
borane, 9-bo rabicyc3.o (3.3.1 )nona.ne. (33) (Scheme 28). 


Scheme 28 



cis^ cis -lf 3-Cvclononadiene (12 ) on hydroboration and 
oxidation provided cis-1,3- (M) and cis-1/ 4-cyclononane diols 
(35) in the ratio 13 867. A mixture of cis-1,3- (M) / cis -1, 4- 
(35 ) and cis-1, 5-cyclononane diols (^) containing major amount 
of 36 . was obtained by hydroboration and oxidation of cis,.cis-l, 4- 
cyclononadiene (13). Under similar conditions cis , cis -1, 5-cvclo- 
nonadiene (1,4) yielded cis -1, 4- (35) and cis -1, 5-cvclononane 
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diols (3^) in the ratio Is 4. The hydrobo ration-isomerization- 
oxidation of 13 and 14 gave cis -1^5-cvclononane diol (36 ) 
as the sole product (Scheme 29) . 


Scheme 29 

OH OH 



The assignment of the structures of M and 36 is based 
on the use of authentic samples prepared by xinequi vocal methods, 
cis- 1,3-Cyclononane diol (34) was obtained as the major product 
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from hydroboration-oxidafcion of S—hydroxycyclononene^^ ( 37 ) / 
whereas gis- l , S-cyclononane diol (^) was synthesized starting 
from 1/2,6-cyclononatriene {TS) (Scheme 30).^*^ 1, 2,6-Cyclo-. 

nonatriene (25) was hydroborated to get cis-S-cyclononen-l-one*^® 
(3^) t V7hJ.ch \res reduced -with lithixam aluminixam hydride to give 
cis-5-cyclononen-l-ol (39) . Th^ hydrobo ration-oxidation of the 
unsaturated alcohol provided cis-i;S-cyclononane diol (^) as 
the major product. 

Scheme 30 



On the basis of the formation of the common diol (35) 
in the hydrobo rot ion-oxidation of 3^, 13 and 14, we have 
assigned the diol 3^ to be the cis- 1, 4-cvci6no'aane diol. 
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Our observations on the cyclic hydroboration of isomeric cyclo- 
nonadienes (12, 13 & 1^) suggest that a nine-membered cyclic 
diene,, behaves very similar to aii eight-maml^ersd cyclic 
diene. The results can bo explained via 10-bo rabi cyclodecanes 
(40, 41 and as intermediates in accordance with Brown's 
postulation, (Scheme 31) • ^ the basis of thermodynamic 

consideration these results show that six- and seven-membered 
rings fused to a six-membered ring are the most stable boron 


Scheme 31 
BH 



A 



bridged bicyclic organoboranes. Furthermore, this demonstrates 
the preference for six-membered boron heterocyclic rings in 
isomerization reactions, which is in agreement with Saegebarth's 
proposal. Moreover, the fact that a fused six-membered boron 
hoterocycle is more stable than a five-merabered one, which 
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in tuini is more stable than a four-membered heterocycle in 
eight, and nine-membered rings is acceptable based on the distri- 
bution of the diols obtained from isomeric cyclooctadienes and 
cyclononadienes . 

71 

In an earlier report. Prelog and coworkers had obtained 
the two isomeric 1, S-cyclononane diols {A and B} from cyclono- 
nene epoxide. Diol A and its bis-p-nitrobenzoate were reported 
to have mp 32-84*^ and 182'^ respectively. The diol (3b) and its 
bis-p-nitrobenzoate obtained from hydroboration-isomarization- 
oxidation of ciS/Cis-1, 5-cyclononadiene (14) had mp 70° and 
182° respectively. However, the mixed mp of the two samples 
of bis-p-nitrobenzoate was found to be 182°. In a private 
communication Professor V. Prelog suggested that the diol 
obtained from 14 is a polymorphic modification of his diol A. 
Thus wo assign cis -conficu ration to Prolog's diol A and trans- 
configuration to diol 3 based on our findings. 

1,3,3 Hydr o bo rati on o f Ch/clodecadienes 

The results obtained from hydrebo rat ion-oxidation of 

cis , ci3 -l,3-cvclodecadiene (15) were different from eight- and 

nine-memberad cyclic 1,3-dienes, The major product isolated was 

characterized as trans , Gis -jp -decalol {4S) by comparison of 

of the mp of 45 and its p-nitrobenzoate reported in the 
87 

literature. Furthermore, oxidation of ^ with CrO^ -pyridine 
provided trans- ^-decalone (^)^^ as its semicarbazone mp and 
one reported in the literature are identical. Besides 45 , 
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two more isomeric diols were obtained in small amounts, and 

these have not been characterized. The organoboranes formed 

from 15 were found to be quite stable to thermal condition. 

There was no change in product distribution on isomerization- 

oxidation of the organoboranes. In our opinion, one of the 

'72 

reasonable pathways for the formation of the bicyclic alcohol 
(45) is via traiis -l, 4-diborocyclodecane^^ (43) as shown in the 
Scheme 32, If such a proposal holds good, it should be possible 
to measure the amount of hydrogen liberated during oxidation 
procedure. 


Scheme 32 



Hydrobo ration of cis , cis -.l,6-cvclodecadiene (18 ) followed 
by oxidation afforded cis -1, 5-cvclodecane diol (^) as the only 
product. The structure of the diol {^) is based on our results 
on the hydroboration-oxidation of cis,cis-l,4- (jjS) and 
cis , trans -l, 5-cvclodecadiene (17 ) and also on the fact that both 
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cis - and tran .s-1^6-cvclodecane diols are reported in the 
73 

literature. Our plan to synthesize cis -1 . 5-cvclodecane 

diol (47_) starting firom octahydroasulene could not be carried 

out as this tetrasubstituted olefin is ’cnown to behave in an 

74 

unusual manner with ozone. The intermediate ox'geinoborane 

v/as found to be quite stable to isomerization conditions as 

the diol obtained from hydroboration-isomerization-oxidation 

was found to be the same cis -1 >5-cyclo-lacan® diol (^) (Scheme 33), 

Scheme 33 




2. ,700,70 hr 

3. H^O^-MaOH 


The formation of a single product (47 ) from 13 suggests that the 
nature of the intermediate organoborane is bi cyclic. An inspec- 
tion of the mechanism for the formation of 1 1-bo rabi eye lo (5.3.1) - 
undecane (^) from 18 would reveal that in principle can give 
both 1 1-bo rabi cyclo (5.3 .Dundee ane (^) and 11-bo rabicyclo (4.4.1) - 
undecano (^) (Scheme 34), The structure leading to the 
formation of cis -1, 5-cyclodec ane diol (^) has a six-raembered 
boron heterocycle fused to an eight-membered ring, whereas ^ 
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has two seven-membered rings fused together. Oxidation of 50 
would lead to the formation of cis -l > 6-Gvclodecane diol. The 
fact that no cis-l/G-cjclodacane diol v;as obtained from the 
reaction rules o’ut the possibility of as aii intermediate or 
indicates that the organoborane (^) undergoes fast isomeriza- 
tion to tile organoborane ( 49 ) under the experimental conditions. 
Further/ the comroatibility of ^ is possibly directed by its 
tliermodyn.amic stability. ^ 



a mixture of cis -1/ 4-cvclod-acane diol ( od. ) and cis-l/5-cyclodecan< 
did i^) , latter being the major product (Scheme 35). cis -1,4- 
Cyclodecane diol (^) was found to be the comraon product from 
16 and 17/ while 16 and IB gave cis-l/S-cyclodecane diol (47 ) 
as the cornraon product. The formation of ^ and 47 is readily 
explicable via the bic^fclic orcanoboranes {5d and . It is 
interesting to note that no cis -l/3-cvclodecane diol was formed 
during the hydrbbo ration-oxidation of 1^ unlihe the 1/4-cyclo- ■ 
nonadiene (13) . I7o isomerization stucfy was done with the 
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ojjgaiioborane intemediates obtaiiied from 16 as tliis diene (16) 


was difficult to syi^thesize. 


The exaiciination of the hydrobo ration of cis ^ trans -l^S- 
cyclodecadiene (3/7) was undertalcen to study the effect of 
change in configuration of the double bond. Eydroboration-oxi- 
dation of 17 afforded a 6 si mixture of cis -l#4- (52 ) and cis-1/5- 
cyclodecane diol (^) along with small amounts of cyclodecanone 
(53 ) and cyclodecai'ol (M) • However, the isomerization of the 
intermediftte organoboranes followed by oxidation gave mainly 
Isl mixture of cyclodecanone (53 ) and cyclodecanol (54) to our 
surprise (Scheme 36). No attempt was made to look for the 
possible isomeric cyclodecane diols in the residue left after 
distillation of cyclodecanone (53 ) and cyclodecanol (54) , 

75 

It has been shown that monol^rdrobo ration-protonolysis 
of ci s , t rans -1 , 5-cvclodecadiene (17 ) gives cis-cyclodecene. 

This shows that the highly reactive trans double bond adds to 
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Scheme 36 



B-H bond in preference to the cis -double bond. Examination of 
the intermediate organoboranes (5^ and after monohydrobO ra- 
tion reveals that the subsequent addition of B-H to the cis - 
double bond can lead to the formation of three possible isomeric 
11-borabicycloundecanes (49 and y.) (Scheme 37), Since 
cis-l/4-cyclodecane diol (^) is formed as the major product 
during hydrobo ration-oxidation of IJ, we emphasize that the 
initial boron attack is probably controlled the conformation of 
the tiiane to give as the major product. The predoroinance of 
51 over ^ from ^ seems to arise from a kinetically controlled 
process dictated by the conformation of 55 . 

The isomerization-oxidation of the intermediate organo- 
boranes from ciS / trans -l,5-cvclodecadiene (17 ) clearly points 
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offered in terms of isomerization of ^ to vinyl organoborane 

(56) wMcli can give rise to cyclodecanone (53) as well as cyclo- 

decanol (^) (Sclisme 30). The vinyl organoborane (^) can arise 

from ^ either by several elimination-addition steps or in a 

single step as shown in the Scheme 38. Vinyl organoborane (56 ) 

once formed can act as a hydrobore,ting agent giving rise to a 

gem -diboro compoxind (57 ) and/or vicii j ial -diboro compound (58 ) . 

Hydrolysis of gem - or vicina l-diboro compound followed by oxida- 

76 

tion is Imown to give monoalcohol. 

In summary, these reactions provide a convenient stereo- 
specific synthesis of many isomeric cis-cyclic diols in eight-, 

nine- and ten-membered rings which are otherwise difficult 

« 

to preoare. The . isomerization experiments with organoboranes 
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from eight- and nine-memhered isomeric dienes reveal the relative 
thermodynamic stability of the various possible foicyclic org^o- 
boraneso Our results with ten-mambered isomeric cyclic dienes point 
out the diversity in the cyclic hydroboration reaction in the 
same medium-ring. The hydroboration of cis , cis -1.3-cvclodoga- 
dine (15) can be used in the synthesis of trans j- cis -^ -decalol (45) 
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in one step. The hydrobo ration of cis,trans-l,5-cyclodecadiene 
( 17 ) seems to be interesting from mechanistic point of view. It 

brings forth the configurational and confomational effects in 
hydrobo ration and isomerization studies. 


1.4 EXPERIMSKTAL 

Boiling points are uncorrected, llelting points were taken 
in open capillaries using Thomas-Hoover capillary melting point 
apparatus and are uncorrected. Infrared (IR) spectra were 
recorded on a Perlcin-Elmer Model 521 using potassium bromide 
discs or as liquid film between sodium chloride plates. Nuclear 
magnetic resonance (NMK) spectra v/ere obtained with a Varian 
Associates A-60 NMR spectrometer in deuterated chloroform with 
tetramethylsiline as the internal standard. Gas liquid chroma- 
tographic (GLC) analyses were done with Aerograph Model 90-P 
instrument. The following liquid phases were employed for the 
preparation of chromatographic columns (percentage by weight 
on 60/80 mesh chromosorb-P) s 15% silicone rubber, 20% carbowax- 
20M, 15% carlx>wax-20M 5% silver nitrate and 20% propylene gly- 
col, 5% silver nitrate (F & M Scientific Corporation Avondale, 
Pennsylvania, U.S.A.). Silica gel (ASW) of basic alumina 
(S, Merck) was used for thin layer chromatography (TLC) . Column 
chromatography was done on basic alumina, columns being prepared 
from its slurry in petroleum ether (60-80°) . I-Jicroanalyses were 
done by Mr. A.H, Siddiqui of the Department of Chemistry, Indian 
Institute of Technology, Ranpur, India. 
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Starting Ilaterials 

cis y Cis -1^5-Cyclooctadlene (Aldrich Co. ) / cis , cis -1^3- 
cyclooctadiene (Coltimbia) , cis-cyclooctene (Columbia) / cis . trans - 
5-cyclodecadiene (Cities Service Co,), cis , cis -l/6~cvclodeca- 
diene (Cities Service Co . ) , bromoform (3. lisrc"’) , methyl iodide 
(3. iferch)/ lithium (E, Ilerck) , potassium (Fischer), sodium 
’x>ro!>yclricl=; (Ijetal r^dride Inc.) and hydrogen bromide solution 
(BDH) ;vere used, higlyme (Ansul Co.) was kept over calcium 
hydride for 24 hr, decanted and distilled over slight excess of 
lithium aluminiura hydride tmder reduced pressure (bp 63-64*^ at 
15 iimi) . Boron trifluorlde ethyl etherate (Eastman) was treated 
with a sraaH-l quantity of dry ether so as to ensure an excess of 
this component and distilled under reduced pressure over calcium 
hydride (bp 45-47*^ at 10 mm) . Tetrahydrt:>furan (BDH) was refltased 
over sodium, lecanted and distilled over lithium aluminium hydJSide. 
t-3utanol (DDH) was raflu::ed over metallic sodium for about 5 hr 
and the fraction boiling at 79-30° was collected. Dimethyl 
sulx:>hoxide (BEi;) ww.s kept over potassiura liydroxide for several 
hr and Siscilled over calciim hydride at 85° at 12 ram. 

General Ifethod of S-yntliasis of 1,1-Dibromocvclopropane 

_ . . . 60 
Derivacive 

In a 1 1 thrse-neclred flask fitted ^dLth an efficient 
mechanical stirrer, a condenser, and nitrogen gas inlet and 
outlet was lolaced dry t-butanol (500 ml). Potassium (20.0 g, 

0,50 g atom) was cut into small pieces and added slowly to 
t-butanol in nitrogen atmosphere and the contents of the flask 
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were stirred. After, all the potassium dissolved at room- 
temperature, the excess t-butanol was distilled off. The last 
traces of t-butanol were removed using a vacuum pump for a 
period of 2 hr. The solid was crushed into a nice powder and 
dry petrolexim ether (40-60°) was added. The flask was cooled 
to -10° and the olefin (0,50 mol) was added. Bromoform (0,50 mol) 
v/as then added dropwise over a period of 6 hr to the vrall cooled 
flask with stirring. sThen the addition v/as over, stirring was 
continued for one hr. Water was added to destroy the unreacted 
base and the bromo compound was extracted with petroleum ether 
(40-60°) and dried over anhydrous magnesium sulphate. The 
solvent, the unroacted bromoform and the olefin were removed 
by distillation under vacuum. Finally, the dibrorao ■ compound 
was distilled under reduced pressure. 

77 

Preparation of Methvllithium 

All two-necked flask fitted with an efficient water 
condenser, a dropping funnel and nitrogen gas inlet and outlet, 
was mounted on a magnetic stirrer. Lithium (7,0 g, 1 g atom) 
and dry ether (200 ml) vrere placed in the flask which was swept 
with dry nitrogen. I^'Iethyl iodide (71 g, 0,50 mol) was diluted 
with 200 ml of dry ethor and a few ml was allowed to drop into 
the flask. As soon as the reaction started (noted by the gentle 
reflux -Of ether) , rest of the methyl iodide solution was added 
at such a rate that ether refluxed slowly. After the completion 
of addition, stirring was continued for another hr. 



44 


fi 1 

General Method of Synthesis of Alleneq 

The 1 / l-dibrombcyclopropane derivative (0.25 mol) in 
200 ml of dry ether was placed in a 1 1 three-necked flask 
fitted mth a di"opping funnel and a mechanical stirrer. The 
flask was swept with a stream of dry nitrogen and cooled to 
-50 to -60*^ using ethanol and liquid nitrogen as the coolant. 
Methyllithium prepared as above was filtered through glasswool 
in a current of dry nitrogen into a separatory funnel anci .added 
dropwise into the flask vrith stirring over a period of one hr. 
After an additional hr 6f stirring# the flask was allowed to come 
to ambient temperature# and water was added slowly to destroy 
excess methyllithium. The organic compound was extracted with 
ether# washed with water several times, and kept over anhydrous 
magnesium sulphate. Ether was removed and the allene was 
distilled under reduced pressure. 

Preparation of 9,9-Dibromobicvclo (6.1.0)nonane 

Potassi'am t-but oxide was prepared from potassium (20 g# 
0,50 g atom) and dry t-butanol (600 ml). After the removal of 
excess of t-butanol# dry petroleum ether (500 ml) and cis-cyclo- 
octene (66 g# 0.60 mol) were added followed by slow addition 
of bromoform (126 g# 0*50 mol) at 0°. Usual extraction procedure 
afforded 100 g (74%) of 9,9-dibromobicyclo (6.1,0)nonane# bp 85-86° 
(0,2 mm), n^^ 1.5519 (lit^^ bp 80-82° at 0.1 mm, n^° 1.5520). 

The compound was saturated to bromine and neutral potassium 
permanganate. GLC analysis of the sample on a 2 ft silicone 
rubber column indicated it to be single. 
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Preparat-ion of 1 « 2-Cvclononadiene 

From 9,9-dibromobicyclo (6.1.0)nonane (56,4 g, 0,20 mol) 
and raethyllithiura from litMum (5.6 g, 0.80 g atom) and raetbyl 
iodide (56,8 g, 0.40 mol) was obtained 20.7 g (85%) of 1,2-cyclo- 
nonadiene# bp 63° at 17 mm, n^^ 1,5054 (lit*^® bp 62° at 16 mm, 
1.5060) . 

IR spectrum of the allene showed band at 1950 cm“^, 
characteristic of the allenic group. GLC analysis on a 10 ft 
carbowax colxann showed it to be one component. NMR showed 
allenic protons at 5.17 (2 protons) as a complex multiplet. 

Preparation of 3-Bromocvclononene 

Kydrbgen bromide solution in acetic acid (12 ml, 45% w/v 
solution) was added dropwise with stirring at 10-15° to 1,2-cyclo- 
nonadiene (7.32g/ 0.06 mol). After the addition was over stirring 
was continued for about two hr. The mixture was poured into 
about 200 ml of water/ neutralized with sodi\im bicarbonate, 
extracted with petroleum ether (40-60°) and the crude product 
was subjected to molecular distillation to obtain 10,3 Q (85%) 
of 3-bromocyclononene/ bp 76° at 4 mm, n^ 1,5167, It behaved 
likG ail allylic bromo compound since it gave an immediate preci- 
pitate with silver nitrate in aqueous raethanol solution. A care- 
ful GLC analysis on a 2 ft silicone rubber colrmn indicated it 
to be pure. The IR spectrum had absorptions at 2018, 1635 and 
710 cm”^. There was no IR absorption in the 960 cra"^ region 
suggesting the cis configuration as the most likely for the double 
bond. The HMR spectrum in carbon tetrachloride showed multiplets 
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at 5.6 (m/ 2H),olefinic protons, 5.00 (m, IH) , methine, and 

2.40 - 1.00 (m, 1 2 H), methylene protons. The identity was further 

confirmed by comparison of GLC, IR and NMR with that of an authen- 
79 

tic sample. 

. 62 
Pre parati on o f cis , cis - 1 , 3-Cyclononadiene 

Sublimed potassium t-butoxide (2,2 g, 0,02 mol) was 
dissolved in dry DMSO (16 ml) in a 50 ml two-necked flask fitted 
with a condenser, an inlet and an outlet for dry nitrogen gas* 
3-Bromocyclononene (4 g, 0.02 mol) was added in one portion and 
the contents of the flask were stirred for 5 min.. The reaction 
mixture was poured into water, extracted with petroleum ether, 
washed thoroughly with water and dried oyer anhydrous magnesium 
sulphate. Distillation of the crude, product afforded 1.72 g 
(72%) of cls , cls -l,3-cvclononadiene .bp 80° at 30 mm. The product 

corresponded in all respects (GLC, IR and HMR with an authentic 

,63 

sample. 

Preparation of 9 , 9-Dibromobicvclo (6,1,0) non-2-ene 

Following the general procedure described previously, 
from cis , cis -1, 3-cyclooctadiene (135 g, 1,25 mol), potassium 
(10 g, 0.25 g atom), 300 ml of dry t-butanol and bromofoxm 
(69,5 g, 0.27 mol) at 0° was obtained 50 g (71%) of 9,9-dibiomo- 
bicyclo(6.1,0)non-2-ene, bp 70-72° at 0.1 mm, 1.5678 (lit?° 

bp 74-75° at 0,15 mm, n^^ 1.5678). GLC analysis of the product 
on a 2 ft silicone rubber colxmin indicated it to be pure. 
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As-ial . for 33.60? H, 4.32* 

Pounds C, 38.42? H, 4.20. 

Preparation of Bicvclo (6 . 3. . 0) non-2-ene 

All three-nec’-ed flasic \vas equipped with a mercury 
sealed mechanical stirrer/ a dry-ice condenser leading to a 
mercury trap and an inlet for amraonia gas. A slow stream of 
ammonia was swept through in the beginning followed by freezing 
the ethyl acetate in the condenser using liquid nitrogen. About 
600 ml of ammonia was condensed in the flask directly from the 
tan?c. After the collection was over, the gas inlet was replaced 
by a stopper. Freshly cut sodium (9.2 g, 0.4 g atom) was added 
to liquid ammonia and allowed to stir for 30 min. 9,9-Dibrorao- 
bicyclo (6. 1.0)non-2-ene (23 g, 0.1 mol) in 100 ml of ether was 
added by means of a dropping funnel directly into the flask. 
Stirring was continued for 6 hr to ensure completion of reduction. 
Solid amraonium chloride was added until the solution became 
colourless, and arrrmonia was allovred to evaporate. The residue 
was diluted with water and extracted vnth ether thrice. The 
combined extracts v/ere vrashed with dilute hydrochloric acid 
followed by v/ater until it became neutral. The solution was 
dried over anhydrous magnesixam sulphate and the solvent was 
removed at reduced pressure. The residue was fractionated to 
obtain 5,5 g (37%) of bicyclo (6,1,0) non-2-ene, bp 80° at 20 ram 
(lit?® bp 50-52° at 0,1 ram). GLC analysis indicated it to be 
a single substance. Its KMR spectrum exhibited 
signals at ^5. 2-5, 8 (m, 2H) olefinic protons, 0, 5-2.7 (m,llH) 
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methylene protons and -0.1 to -0.3 (m, IH) allylic cyclopropyl 
proton. 

Preparation of cis ^ cis - 1 > 4-Cvclononadiene 

Pyrolysis of bicyclo (6, 1.0)non-2-ene (3.6 g, 0.03 mol) 

in nitrogen atmosphere at a bath temperature of 180-185*^ for 

10 hr provided 2» 4 g ( 66 %) yield of cis , cis -l> 4-cvclononadiene 

after molecular distillation. The purity of the diene was 

checked by GLG. IR and MMR data were in agreement mth the 

64 

data reported in the literature. The IR spectrum had strong 
absorption at 720 cm“^ characteristic of a cis double bond and 
no absorption at 980 cm"^ characteristic of a trans double bond. 
NliR spectrum shov/ed lines at ^ 5,47 (m/ 4H) vinylic protonS/ 

2.78 (m, 2H) bisallylic protonS/ 2.10 (m/ 4H) all 3 /lic protons 
and 1.51 (m, 4H) ring methylene protons. 

Preparation of 1,2>6-O7clononatriene 

In all three-necked flask fitted with a mechanical 
stirrer# a dropping funnel# an inlet and an outlet for dry 
nitrogen gas# was placed cis#cis-l#5-cyclooctadiene (54,0 g# 

0,5 mol) and 40. C g of carbon tetrabromide (0,12 mol) in 200 ml 
of dry ether and cooled to -65^. To the stirred mixture of 
tliis# was added methyllitliium (0,125 moi) in 100 ml of dry 
ether over a period of 45 min. The stirring was continued at 
-65° for 30 more min# then methyllithiura (0.135 mol) in ether 
was added over a period of 45 min. The reaction mixture was 
further stirred for 30 min and water was added. The ethereal 
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layer was separated, washed with water until neutral and dried 
over anhydrous magnesiTam sulphate. Ether was removed and the 
allene was fractionated to obtain 9,4 g (62%) of 1,2/6-cyclo- 
nonatriene, bp 61° at 13 rim, 1,5212 (lit^^ bp 61 at 13 mm, 
1.5216), The identity was established ?oy comparison of GLC 
retention times and IR spectra with that of an authentic sample. 

Preparation of cis , cis - l, 5-Gvc lononadiene 

Follovring the procedure described for the preparation 
of cis -cvclononene , from 1,2,6-cyclonohatriene (12 g, 0,10 mol), 
sodiiira (9.2 g, 0,40 g atom) and 250 ml of liquid ainmonia, was 
obtained 10 g (83%) of cis,cis-l, 5-cyclononadiene, bp 64° at 
20 mm, n^^ 1,4922 (litf^ bp 56° at 17 mm, n^^ 1.4927). The 
identity was established by comparison of GLC retnention times 

fifi 

and IR spectra with that of authentic sample, '' 

PrxBParation of cis-C~^clononene 

All three-neciced flash was fitted with an inlet tube 
for ammonia gas, a mechanical stirrer with glass paddle and a 
large solid ethyl acetate reflux condenser leading to a mercury 
bubbler. About 500 ml of liquid ammonia was collected directly 
from the tank without purification. Sodium (20,7 g, 0.90 g atom) 
was added in the form of small pieces and the resulting blue 
solution was stirred for 15 min. 1,2-Cyclononadiene (36,6 g, 
0.3C mol) in ICO ml of anhydrous ether was added dropwise with 
stirring. After stirring for 1 hr following the addition, the 
excess sodium was destroyed by careful addition of ammonixim 
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cliloride. The product was isolated by adding water to the 
residue follov/ed by esctraction mth ether. The ether extract 
was dried over anhydrous magnasiuin sulphate, ‘distillation of 
the crude prodvict gave 30.5 g (83‘J4) of ci s ~cvclononene , bp 81° 
at 40 ram, n|® 1.4740 (lit?^ bp 167-169° at 740 ram, n^° 1,4799). 
The IR spectrum was identical with that of an authentic sample. 
3LC of the product on a 5 ft carbowax-silver nitrate colximn 
indicated it to be single. 

Preparation of 10 , lO-Dibromobicvclo (7,1.0) decane 

Following the general procedure described previously 
from cis-cyclononene (24.0 g/ 0,2 mol), bromoform (50,6 g, 

0,2 mol), potassiura (S g, 0,2 g atom) and 200 ml of dry t-butanol 
at -15° was obtained 40,9 g (6S?o) of 10, 10-dibromobicyclo (7,1,0) - 
decane, bp 80° at 0.05 itjm, n^^ 1,5492 (litf^ bp 100° at 0,2 mm), 
GLC analysis of the compound on a 2 ft silicone rubber coliimn 
gave a single peah. 

Preparation of l,2-Ch7clodecadiene 

IlethYliithiurn prepared from litliium (2.8 g, 0.4 g atom) 
and methyl iodide (28,4 g, 0.2 mol) was treated with 10,10-dibro- 
mobicyclo (7, 1.0) decane (29.6 g, 0.1 mol) in dry ether at -40 to 
-45°, The usual e^ctraction procedure afforded 10,8 g (80%) of 
1 / 2-CYclodecadiene, bp 60° -at 4 mm, n^^ 1,5060 (lit?^ bp 74° 
at 10 ram, n^^ 1,5071). GLC analysis on a 10 ft carbowax column 
showed it to be single. IR spectrum showed characteristic 
allene band at 1950 cra"“^. NMR showed a band at ^ 4.90 (m, 2H) 
allenic protons. 
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Preparation of cis , cis- 1 , 3~Cvclodecadiene ^'^ 

Potassium t-butoxide, obtained by dissolving potassium 

in t-butanol and removing excess of t-butanol, was sublimed at 

170*^ (bath temperature) under 0,02 mm vacuum. Sublimed potassixara 

t-butoxide (4,48 g, 0.04 mol) was dissolved in dry dimetliyl 

sulphoxide (20 ml) in a 100 ml tvra-necked flask fitted with a 

condenser/ an inlet and an outlet for dry nitrogen gas. 1/2-Cyclo- 

decadiene (2.72 g/ 0,02 mol) was added in one portion and the 

contents of the flask vere stirred for 12 hr at room temperature, 

o 

The product was extracted with petroleum ether (40-60 ) / washed 

thoroughly with water anl dried over anhydrous magnesium sulphate. 

The distillation of the crude product afforded 2,1 g (77%) of 

reaction product, bp 81*^ at 10 ram, GLC analysis indicated it 

to be a mixture of tvjo products in the ratio 80:20 devoid of any 

allene. The com’ponents were separated by preparative GLC and 

the compounds were ide-itified as cis , cis -l ,3- and 1/4-cyclodeca- 

68 

diene respectively using authentic samples. 

’^3 

Preparation of Porene xn Totrahydrofuran 

In all three-neched flask equipped with a pressure-equa- 
lizing dropping funnel, an inlet and an outet for nitrogen gas 
was placed 950 ml of a IM solution of sodixam borohydride in diglyme. 
The outlet was connected to a dispersion tube dipped in 500 ml 
of dry tetrahydrofuran in a 1 1 two-necked flask, through a tygon 
tubing. The outlet of the other flask was connected to a mercury 
bubbler, ^iborane, generated by the addition of 1,9 mol of boron 
trifluoride etherate was passed into tetrahydrofuran. Estimation 
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of the borane by hydrolysis 'indicated its concentration to be 
2,0M in THP. 

53 

General Method of ^lirdroboration 

In a 250 ml three-nsched flasi: equipped with a water 
condenser/ ecjui lib rating dropping funnel/ a lov/ temperature 
thermometer/ an inlet and an outlet for dry nitrogen/ was placed 
borane solution (15 rol/ 2M , The diene (0.3 mol) in 

20 rol dry tetrahydrofuran was allowed to drop into the borane 
solution over a period of 30 min keeping the temperature between 
0 to 5°, The contents of the flaslc were allowed to stir for an 
additional 30 min at 5 to 10° and then for 2 hr at room tempera- 
ture. The organoborane obtained was oxidized as such or isoraeri- 
zed and then oxidized at 0° by adding 15 ml of 3M sodium hydroxide 
followed by 15 ml of 30% hydrogen peroxide. Isomerization was 
done by refluxing the mixture (67^) for the requisite time. The 
product was extracted with ether/ washed with water and dried 
over anhydrous magnesium sulphate. Further separation and puri- 
fication of the individual components wore achieved by column 
chromatography through aluraina. 

Hydrobo rat ion- Oxidation of ciS/ Cis - l/3-Cvclooctadiene 

I^drobo ration-oxidation of ciS / Cis -1/ 3-cyclooct adiene 
(3.3 g, 0,03 mol) in 20 ml dry tetrahydrofuran v/ith 15 ml of 
2M borane solution afforded 3.2 g of viscous oil, TLC analysis 
on alumina plate with ethyl acetate as solvent indicated it to 
be a mixture of two components. This material was dissolved 4b 
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minimum amount of benzene and chromatographed in benzene-ether 

on basic alumina. TSlution of the column mth a raixtuie (4 si) of 

benzene and ether gave 0,6 g (14>4) of a gummy material/ which 

cr 3 ''stallized out on trituration with petroleum-ether. The solid 

material was recrystallized from ethyl acetate, mp 57°, IR showed 

-1 

bands at 3500 and 1050 cm for 0-H and C-0 stretchings respec- 

tivel.y. Thus the product was identified as cis-l, 3-cyclooctane 

diol. This yielded a bis-p-nitrobanzoate, mp 129° (from chloro- 

84 

form-methanol) comparable \^ith that reported in the literature 
(diol/ rap 57-58°/ bis-p-nitrobenzoate, mp 129°). 

Anal , for Calcds C, 66.60? H, 11.10. 

Founds C, 66.50? H, 11.09, 

for Caicds C/ 59.20? H, 4.97? Ih 6.33. 

Found* G/ 59.00? H, 5.00? N/ 6.20. 

Fuarthor elution of the column mth ether gave 

2.5 g (60,4) o:--; a solid (recr/stallized from ethyl acetate) mp S4°, 

IR indicated it to be an alcohol identified as cis-l/'l-cyclo- 

octane diol f icom elemental anolysis and mixed mp of the diol 

with an autlientic sample obtained from the hydrobo ration of 

c ^3 35 o 

ciS / Cis -l,5-cvclooct adi ane ~ (lit. diol/ rap 83-84.5 ? bis-p- 
nitrobenzoate mp and mixed mp 161-162°) . 

Anal , for 66.60? H/ 11,10, 

Founds C/ 66,30? H/ 11.30. 

for ‘^22^22^8^2* 59,20? E, 4,97; H/ 6.33, 

Founds C/ 58,90? H, 4.80; IT/ 6.20. 
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H ydroboration-Isomerization-Oxidation of - cis ^ cis - l^S-Cvcloocta- 
diene 

The organoborane obtained from 3.3 g (0,03 mol) of cis , cis- 
1,3-cyclooctadiene and 15 ml of 2M borane solution was refluxed 
in dry tetrahydrofuran (67’^) for a period of 20 hr. It mtsls 
cooled to 0° and hydrolyzed with water followed by oxidation 
with alkaline hydrogen peroxide. The usual worl:-up afforded 
3,1 g (72;4) of a solid which showed a single spot on silica gel 
coated plate and was found to be different from cis -1,3- or 
cis -1 > 4-cvclooctane diol. It was recrystallized from ethyl 
acetate, IR revealed it to be an alcohol only and was identi- 
fied as cis-1/ 5-cyclooctane did on the basis of the mixed mp 
of the diol and its bi-s-n-nitrobenzoate with those of authentic 
samples. The authentic saraple of cis-1 /5-cyclooctane diol was 

obtained by hydroboration-isomerization-oxidation of ciS / Cis - 

53 o 

l/5-cyclooctadienOo Piol mp end mixed rap 74 ? bis-p-nitro- 
banzoate/ rap end mixed mp 131-182° (lit*:^^ diol mp 73.4-74,8°/ 
bis-jD-nitrobenzoate inp 181.4-182,6°), 

Anal . for Cgn2^g02S Galcds G, 66.60; E/ 11,10, 

Founds C/ 66,50; H/ 11.09, 

for 59.20; H, 4.97; 11/ 6.33, 

Founds C/ 59,50; H, 4,90; E, 6,20, 

Hydroboration— Oxidation of cis cis - 1/ 5— Cyclooctadiene 

S^drobo ration-oxidation of cis / cis- 1 / 5~cvclooctadiene 
(3,3 g, 0,03 mol) with 15 ml of 2M borane solution in tetra- 
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hydrofuran afforded 3,0 g of a viscous oil ■whicli was separated 
into cis- 1,5 -cyclooctane dlol (72;i) and cis- 1,4-cyclooctane diol 
(28%) hir colunin chroraatography. 


Tile isoraerisation-oxidation of the organoborane from 
cis , cis -1 / 5-c'7clr.oct'.:i lieiie {3,3 g, 0.03 mol) gave 3,23 g 
(TSri) of cis-1 , 5-cyciooctane diol. 

Hydrobo ratioa-oxidation of cis , cis - 1 /3-O/clononadiene 

l^droboration-oxidation of cis, cis-1, 3-cyclononadiene 
(1,G5 g, 0.015 raol) with 7,5 ml of ,2IIborane solution yielded 
1,9 g. of viscous oil, which gave two spots oh al'umina plate 
(TLC analysis) . This material was chromatographed on basic 
alumina using benzene-ether, dlution of the column with ether- 
benzene (ls9) gave 0,3 g of a thick oil {13%), IR of vfiich 
sho^^d absorptions for 0-H and C-0, It failed to crys- 


tallise. Analysis of the 2r^trobensoats derivative indica- 


ted the product to be a diol, bis-p-nicrobenzoate of w/..ich had 
mp 117-118^, -This was identified as cis -1, 3-cyclononane diol 
using an authentic sa’iple prepared from hydroboration-oxidation 


of 3 -hydro; pro iononene . 


Anal . for ^23^2r'2°S° 60.50; H, 5.20; H, 6.14. 

Founds C, 59.81; H, 5.40; H, 5.90. 


Further elution of the coluxnn with ether gave 1.6 g of 
solid (6f%), mp 32° (from ethyl acetate), bis-p-nitrobenzoate, 
mp 147 -148° (from chloroform-methanol) , IR spectrum indicated it 
to be an alcchcl. The solid was characterized as cis-1, 4-cyclo- 
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nonane diol based on the hydrobo ration-oxidation of cis > cis - 
1,4- and l/S-cyclononadiene, The colt.io:?. *Iiol obtained fron 
v.,H.ece tvro di-j.ic'S nad 3ir.'> and iiixed :'.v> 32^*, Zois-^'-nitzobenacate 


:,T'> ai'.d :iii:;;ed rn-i 147 


o 


for Calcds C, 

60.30? H, 

11.39. 


Founds G, 

68.41? H, 

11.16. 


ror ^2"^ * Galcds 

C, 60.50, 

H, 5.20? H, 

6.14. 

Found s 

C, 60.40? 

H, 5.50? H, 

6.10. 


H vdrobo ration- Isomerization-Oxidation of ciS / Cis - 1^3-Cvclo- 
nonadiene 

The organoborane obtained from cis,cis-l,3-cyclonona- 
diene (0,61 g, 0.005 mol) and 2.5 ml of 2H borane solution was 
refluxed in dry tetrahiJ'drofuran for 4 hr. This was oxidi- 
sed at 0° ciid worbed up as usual. Removal of the solvent 
yielded 5, . 3 g iC9%) of a solid mp 70° (from benzene-petroleum 

ether). IR revealed it to be an alcohol. This was identified 

71 

as cis -1 / 5-CYclononane diol which gave bis-n-nxtrobenzoate 

(from chloroform-raethanol) mp and roixed mp, 132°. Since the 

isomeric 1,5-cyclononane diols reported in the literature have 

not been assicrned any configuration, an authentic sample of 

cis -1 , 5-cyclononaag diol was synthesized from 1 , 2 , 6-cyclonona- 

70 

triene by monohydroboration, reduction of 5-cyclononen-l-one 

vrith lithium aluroinium hydride followed bi;^ hydroboration-oxida- 

31 

tion of the product, 5-cyclononen— 1— ol. 



Anal. forCfsII^gO^s Calcds 

c. 

63.30? 

H, 

11.39. 

Found s 

r* 

60.94? 

H, 

11.48. 


for C23H240gH2S Calcds 60.50? H, 5.20? H, 6.14. 

Pounds C, 60.20? H, 5.40? E, 5.30. 


Prepar-ation of Gis - 5-G-/clonoiien-l-Qne 

Follomng the general procedxire descrihed for the hydro- 
boration, 1/ 2y6-cYclonona.triene (18.0 g, 0,15 mol) in dry tetra- 
hydofuran was hydroborated i^ith 25 ml of 2M borane solution 
(0,05 mol) in dry tetrahydrofuran. The crude product isolated 
in the usual v/ay was chromatographed on alumina. Slution of 
the Goluimi with petroleum ether (60-80°) gave 4.5 g of the 
starting material. Further elution with petroleum ether-ether 
provided 4.0 g of cis -5-cvclononen-l-one , bp 98-100° at 12 mm, 
semicarbazone mp 170-171° (lit?® bp 95-100° at 14 mm, semi- 
carbasone nip 170-171°), The compound showed characteristic 
IR absorptions for cis double bond and carbonyl functional 
groups. 

Preparation of cis - 5-Ch/clononene-l-ol 

In a dry 500 ml three-neched flask equipped with a 
reflux condenser, a mecheiiTical stirrer, a dropping funnel and 
a mercury bubbler vran placed litliium aluirdnium hydride (0,76 g, 
0.02 mol) in 200 ml of dry ether. A solution of cis-5-cyclo- 
nonen-l-one (2.7 g, 0.02 mol) in 50 ml of dry ether was added 
dropwise mth stirring at a rate to maintain gentle refluxing of 
ether. After the addition, the reaction mixture was refluxed 
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for 30 rain and allowed to cool. The complex was hydrolyzed 
and the excess lithium aluminium hydride was destroyed drop- 
wise addition of water. The resulting reaction mixture was 
poured into 500 ml of 10'^ sulphuric acid solution. The ether 
was separated and the residual aqueous phase was extracted with 
ether. The combined extract was washed with water, saturated 
sodium carbonate solution, and water, and dried over anhydrous 
magnesium sulphate, ifemoval of the solvent afforded 1.D2 g (75%) 
of cis-5-cyclononen-l-ol, bp 56° at 1 mm. IR of the unsaturated 
alcohol shov/ed absorptions at 3500, 1055 and 720 cm*"^ assigned 
to 0-H, C-0 and cis-double bond respectively. Its p-nitroben- 
zoate had mp 117-118° (from methanol). 

Anal , for Calcds C, 77.10; H, 11.40. 

I Founds G, 77.00; H, 11.20. 

for Calcds C, 66. H, 6,50; H, 4.37. 

Founds C, 66.95; H, 6.09; N, 4.52. 

Preparation of cis - 1, 5-Cvclononane Diol 

Folloi'd.ng the usual procedure, cis-5-cyclononen-l-ol 
(1.4 g, .0.01 mol) in 15 ml of tetrahydrofuran was hydrxjbo rated 
with 5 ml of 2M bo ram solution (0,01 mol). The residual hydride 
was destroyed %d.th the slow addition of water. The. organoborane 
obtained was oxidized with alkaline hydrogen peroxide and worked 
up as usual. The column chromatographic separation on basic 
alumina using benzene-ether gave 1.0 g (63%) of cis-1, 5-cyclo- 
nonane diol, mp 70°, bis-p-nitrobenzoate^^ mp 182°- 



59 


H ydrolporation-Oxidation of cis , cis - l ,4-Cvclononadiene 

Hydrobo ration-oxidation of cis , cis -1 / 4-cvclononadiene 
(1.85 g, C.015 mol) 'dth 7,5 ml of 2M borane solution gave 1,95 g 
of viscous oily product v/Mch gave three spots on TLC analy- 
sio (alujaina) • The material was chromatographed on basic 
ai\imina as before to get 1.^5 g 0%) cis- 1,3-cyclononane diol, 

2.r9 g (ll^a) cis , cis -1, 4-cvclononane diol and 1,2 g (50%) cis , cis- 
1,5 -cyclononane diol. These diols were identified by elemented 
analysis of their bis-p-nitrobenzoates, IR of the diols and 
mixed mp of their bis-p-nitrobenzoates with authentic samples, 

H vdroboration-Isomerization-Oxidation of cis , cis-1, 4-Cvclo- 
nonadiene 

The organoborane from cis , cis -1 , 4-cvclononadiene (0.60 g, 
0,005 mol) and 2.5 ml of 2M borane solution was reflxixed in dry 
tetrahydrofuran for 5 hr. Oxidation of the isomerized organobo- 
rane gave a single product, identifie\1 as c i s— 1 , 5 -cycl ononane 
diol, TLC indicated the product to be free from other isomeric 
diols, and the identification was done using an authentic sample, 

Hydroboration-Oxidation of cis , cis-l,5-Cvclononadiene 

cis, cis-1, 5-C>fclononadiene (3.6 g, 0,03 mol) was hydro- 
bo rated with 15 ml of 2X1 borane solution, the oxidation of which 
afforded 4,0 g of a viscous oil. This showed two spots on TLC 
(Alumina). The crude material was chromatographed on basic 
alumina in benzene— ether. Elution of the column with ether- 
benzene (ls3) gave 3.2 g of a solid (67%) which was recry stallized 
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solid/ mp 52-53° (recrystallized from petrolexim ether ) , IR 
spectrum of which showed absorptions for alcohol. , 3lemental 
analysis and EMR indicated it to be a bicyclic alcohol/ ^nitro- 
benzoate of which had mp 111 {recrystallized from methanol). 

The compound on oxidation with chromiiom trioxide in pyridine 
gave a Icetone/ the semicarbazone of which had mp 192°, Based 
on these evidences the compound was identified as tranS / Cis -p - 

decalol (lit^*^ alcohol mp 53° ? p-nitrobenzoate mp 112°; semi- 

n o^® 

carbazone of trans -^p -dec alone mp 192-193 ) . 

Anal , for C^qHj^qOs Calcds C, 77,90; B, 11,68, 

Found: C/ 77.63; H, 11.64. 

for Calcds C/ 67.32,* H, 6.93; N, 4.62. 

Founds C, 67.92; H, 7.17; H, 4.50. 

Coliimn was further eluted with 3:2 ether-benzene to 

give 0.2 g (9>^) of cyclodecane diol{A)/ mp 66-68; bis-p-nitro- 

benzoate, mp 84-85° (reciystailized from chloroform-methanol) . 

Finally/ C.40 g (IC'/i) of another cyclodecane diol (B) was 

obtained from the column on eluting it with ether. This -diol (B) 

had mp 89-91° (recrystallized from ethyl acetate); bis-p-nitro- 

o 

benzoate mp 154-156 . 

Anal , for Calcd s C, 69.76; H, 11.62. 

Found ( a) s C/ 69.60; H, -11,64. 
Found(B): C, 69.53; H, 11.56, 

for Co>iH«--0qN„s Calcd : C/61.27; H/5.53; W/5.95i. 
24 26 o 2 

Found(A) s C, 61.38; H/5.50; H/5,S8. 
Found(B)s C/61.10; H/5.74; K/5.90. 



Product distribution did not change on isomerizing the 
organoborane from cis , cis -1 , 3~cvclodecadiene . 

Hydroboration^Oxidation of cis / cis - 1^6-Orclodecadiene 

ciS/Cis-l/S-Cyclodecadiene (1.38 q, 0.01 mol) in 20 ml 
of dry tetrahydrofuran was hydrobo rated mth 5 ml of 2M borane 
solution. Oxidation with alhaline hydrogen peroxide after the 
usual vx5rl:;~up afforded 1.4 g {32%) of a solid, wMch was recrys~ 
tallized from ethyl acetate and had mp 135-136°. IR spectruia 
indicated it to be an alcohol and was identified as cis -1, 5- 
cyclodecane diol (bis-p-nitrobenzoate mp 140°, from chlorofontt- 
methanol ) , 

Anal . for Calcds C, 69,76; E, 11.62. 

Founds C, 69.65; E, 11.54. 

for 61.27; H, 5.53; H, 5,95. 

Pounds C, 61.20; H, 5,80? H, 5.87, 

Hv'droborati on- Isomerization-Oxidation of cis , cis - l,6-Cvclo- 
decadiene 

o 

%dro!oo ration-isomerization for 70 hr at 70 followed by 
oxidation of 0.69 g (0.005 mol) of cis , cis -1 , 6-cvclodecadiene 
afforded 0.7 g (32%) of cis-1, 5 -cyclodecane daol. Diol mp and 
mixed mp 135-136°, bis-p-nitrobenzoate mp 140°. 

H vdroboration-Oxidation of cis , trans-1, 5-Cvclodecadiene 

Eydrobo ration followed by oxidation of cis , trans -1, 5- 
cyclodecadiene (3.4 g, 0.025 mol) with 12,5 ml of 2M borane 
solution in dry tetrahydrofuran yielded 3.5 g of a thick oil 



wliicli sliowed tliree spots on alumina coated plate vd.th etl^l 
acetate as solvent. This was subjected to column chromatography 
on basic alumina. Blution of the column \vith benzene gave 0.30 g 
of a liquid {&}i ) . GLC analysis on a 5 ft silicone rubber column 
showed it to be a Isl mixture of cyclodecanone and cyclodecanol # 
on comparison with authentic samples and their derivatives. 

Cyclodecanone oxime mp and mixed mp 88° (lit®® 88°) , 
cyclodecanol-p-nitrobenzoate mp and mixed mp 113-115° (lit^® 115°). 
Elution of the column with ether-benzene (184) gave 0.4 g (10%) 
of cis -1 p 5-cvclodecane diol identical in all respects with the 
diol obtained from hydrobo ration-oxidation of cis, cis-1 /6-cyclo- 
dec acliene. 

Further elution of the column vrLth ether yielded 2.7 g 
of aiiother solid ( 61%) wliich v/as recrystallized from ethyl 
acetate and had mp 116°. IR showed absorptions for 0-H and C-0 
at 3500 and 1080 cm “ respectively/ and vmis characterized as 
cis -1/ 4 - eye lodac ana liol (bis-p-nitrobenzoate mp 145-146° from 
chi o ro f o im me t hano 1 ) . 

Anal , for Calcds C, 69,76? H, 11,62, 

Founds C/ 69.51; H/ 11,39, 

^°'^ *^24^26^^'2% * Calcds C/ 61,27; I-I, 5.53; 11, 5.95. 

Pounds C/ 61,30; H/ 5.80; N/ 5,78, 

H vdrobo ration- Isomerization-Oxidation of cjs / trans-l/ 5-Cyclo- 
decadiene 

The orgauoboraiie obtained from cis , tra-is- l/ S-cycrodecadiene 
(1.36 g/ 0,01 iiiol) was isoraerized for 5 hr at 70^, 


This was 
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oxidised at o' and vrorked up as usual, f^emoval of the solvent 
afforded 1,2 g (80J4) of a liquid, which distilled at 105 - 110 *^ at 
1 ru'.a, ■j.uC ana-Vjsxs ju a 5 ft silicone rubber column showed it 
to be a 1 si mixture of cyclodecanone and CYclodecanol, 

I-Iab'S spectra of ci_£-l,4- and l/S-cyclononane (Hols and 
^ <ixols SiiOvToCi 11-18 as a base iosak. 
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CHAPTER II 


REACTION OF BICYCLIC ORGANO- 
BORANES WITH SILVER NITRATE 

;II.l ABSTRACT 

The reactions of bicyclic organoboranes from medivuiip-ring 
dienes, cis , cis~ l,5~cvclooctadiene, ciS / Cis- .l,5-cyclononadiene 
and cis / cis~ l / B-cy cl odec adi ene with silver nitrate in alkaline 
medium give mainly cyclic ketone and a minor amount of cis- cyclic 
olefin. It has been demonstrated that the composition of products 
is dependent on the molar ratio of the diene to silver nitrate 
used in the reaction, and the nature of the bicyclic organo- 
borane. Various reasonable mechanistic pathways have been 
proposed to explain the formation of the products. 
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II. 2 IBITkODUCTIOK 

The building uj) of a dosirod carbon structure through 
carbon-carbon linlcage can be achieved 3 ^ organo.:i- 3 tailic 3 . 
Accordingly / the possibility of using organoboranes for this 
purpose has been exr)lored to a liinited sjctent. Silver salts 
have been found to ba quite effective in bringing about tlie 
coupling of the all?yl groups of organometallics. 

The reaction ioetween diethyl sine and silver nitrate 

was reported as early as 1859*^ The formation of metallic 

silver and gaseous products was observed in this reaction. 

hater/ organosilver co;£vpounds of lov/ thermal stability ware 

prepared by the reaction of organolead/ tin or bismuth compounds 

2—6 

with silver nitrate. ’ However/ nothing is still known about 
the structures of these organosilver conpounds and the iiature 
of carbon-silver b'.'nd. It has been shovm that the perfluoro- 
all'yl silver compounds obtained by the addition of silver fluo- 
ride to fluorine substituted olefins and acetylenes are more 
stable than the unsubstituted organosilver conpounds. 

The 02 .;idative diraerization of Grignard reagent with 

silver bromide to give coupled products in 40-60/4 yield was 

9—11 

reported by Gardner and coworlcers. Later the stoichiometry 

as well as catalytic reduction of the silver salt by the 

12 

Grignard reagent was studied. The dimerization with silver 
nitrate was found to bo xiniquo in that loss than stoichiometric 
amount of silver (I) salt was recpiired/ since the nitrate anion 
was capable of reoxidizing the silver foniiod (Schema 1). 
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Scheme 1 


StoicMometric amount of silver halides 
RI'^X + hgY — > RAg + I^gXiT 

Y = Acetate/ halide or perchlorate 
2RAg > lUR + 2 Ag 

On exposing two Grignard reagents simultaneously s 
, + RAg > R"R + + 2 Ag 

Catalytic amount of silver halides 

R'iyigx + AgX > R'Ag + 

2 R'Ag > R"-.R' + Ag 

Ag + RX ^ R« + AgX 

R* + Ag > RAg 

Johnson and coworkers .• for the first time/ brought about 
a sirailar dimerisation by treatment of n-butylboronic acid and 
n-hexylboronic acid ifith armrioniacal silver oxide to get n-octane 
and n-dodecane respectively. However/ Brown and coworlcerg 
explored the possibility of coupling the alkyl groups of tri- 
all^lboranes by treatment with silver halide or Tollen's reagent 
or silver oxide. They found a remarkable effect of sodium 
hydroxide on the yield of the coupling product (Scheme 2). 
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Scheme 2 



30 min. 


The method was further developed to achieve the coupling 
of a variety of all<yl groups in high yields directly in the 
hydroboration flash by mere treatment of the trialliylborane 
with potassium hydroxide and silver nitrate (Scheme 3), 


Scheme 3 




74 


The reaction has also been extended as a means of coux>- 
ling t\70 different allcyl groups (Scheme 4).^^ 

Scheme 4 


CH3~CH2-CH2-GH2-GH=CH2+ CH3-CH2-CH,-.CH=CH2 


KOH 


CH3-CH^-GH2-GH2-GH=GH2 





^(CH2)5-0H3 


Since hydrobo ration reaction can tolerate many. ..different 
functional groups that are not compatible v/ith Grignard reagent/ 
this combined procedure of hydroboration-coupling reaction has 
been used in the synthesis of a variety of products (Scheme 5)* 
It has been suggested that the reaction proceeds through silver 
all?yl which breaks down into silver and allcyl raiical. 

Tlie ally^i radicals dimerize to form the coux^ling product. 

Scheme 5 

CH2-CH2-(GH2)8-G02G2H5 

CH2-CH2-(GH2)8-C02G2H5 




-C=CH 


2 


+ GH2=CH-.(GH2)g-G02C2H5 




(CH3 ) 2 CH-CH2-CH2-CH2- (GH2 ) 
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view of tlie results obtained from tlie reactions of 
triallvyl organoboranes ^ixtln silver nitrate in presence of 
potassium hydroxide, vjq planned to investigate the reactions 
of bicyclic organoboranes, synthesized iy cyclic hydroboration 
of medium- ring dienes (ci s , c i s- 1 , 5-cvclooctadiene , ci s , ci s- 1 , 3- 
cyclooctadiene, ci s , ci s- 1 , S-cyclononadiene and cis , cis— 1/6- 
cyclodocadiene), with silver nitrate and potassiura hydroxide to 
Icnow the fate of the interiiKsdiate radical species. It was 
thought that a di radical _gpscies, if formed, might undergo 
intramolecular coupling to give bicyclic hydrocarbons. 


II. 3 RESULTS AI® DISCX^SIOH 

The cyclic meditiiiv-ring dienes used in the present 
investigation were obtained as already described in the previous 
chapter. The dienes were hydroborated using a standard solution 
of borane in dry tetrahydrofuran, the procedure of which has 
been given in Chapter 1,4, The organoboranes resulting from 
cis , cis- 1 / 5-cyclooctadiene U) and cis, cis- »l,5-cyclononadiene 
(8) ware isovaerized before treating v^ith silver nitrate and 
sodium hydroxide. Tne organoborane solution in tetraliydrofuran 
was chilled in ice-salt. Residual hydride was destroyed by the 
careful addition of water. Addition of silver nitrate was 
preceeded by sodium hydroxide solution. The blade solution 
obtained on adding silver nitrate deposited silver on stirring 
for nearly 2 hr. The mixture was extracted vdth ether, Tne 
acnieous layer was neutralized with dilute nitric acid and 
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extracted ■witli etlier. The cornbined extract was wasbed witb 
water, and dried over anhydrous magnesium sulphate. Removal 
Off the solvent afforded crude product which was distilled and 
analyzed by GLC and 2R, 

cis ,cis-l , 5-Q/clooctadiene (Don cyclic hydroboration- 
isomerization followed by treatraent with silver nitrate in 1*1 
molar ratio in sodium hydroxide solution yielded cyclooctanone 
(4) as major product along with a small amount of cyclooctene 
(^) (Scheme 6). But the use of ci3 / Cis~ l,5~cyclooctadiene (3^) 
and silver nitrate in the ratio 1 s3 resulted mainly in the 
formation of cis- cyclooctene (^) • The use of a catalytic amount 
of silver nitrate led to a severe cut on the yield of the products. 

Scheme 6 
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The mixture of bicyclic organoboranes (6 and 7) from 
cis / Cis- .l,3~cyclooctadiene (5) on treatment with silver nitrate 
in the molar ratio Isl in the presence of sodium hydroxide gave 
85% of cis-cyclooctene {^) and 15% of cyclooctanone (4) 

(Scheme 7 ) , 



Scheme 7 


77 



cis / cis~ -l/ 5*»Cyc.lononadiene (8) and cis / Cis- l/S-cyclode- 
cadiene ( 12 ) behaved very similar to cis / cis~ l>5-cvclooctadiene 
(U in its reaction mth silver nitrate in the ratio Isl, The 
10-borabicyclo (4. 3.1) decane (9) obtained from hydroborat ion- 
isomerization of 8 yielded a mixture of cis-cyclononene ( 10 ) 
and cyclononanone ( 11 ) in the ratio 15s35/ whereas ll-borabicyclo- 
(5.3* 1) undecane ( 13 ) from 2 ^ resulted in a mixture of cis- cyclo- 
decene (^) and cyclodecanone ( 15 ) in the ratio 1 j 9 (Schene 8), 

The cyclic olefin and the cyclic leetono were separated 
by preparative GLC and identified by conparison of GLC retention 
times and vrLth authentic samples. 

The reaction between trialkylborane and silver nitrate in 
alhalino medium has been suggested to give organosilver coir^iind 
( 16 ) which undergoes homolytic carbon-silver bond cleavage to 
produce • hydrocarbon radical ( 17 ) and silver. The formation of 
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Scheme 8 



alkane ( 18 ) has been explained as due to the combination of 


the intermediate free radical species ( 17 ) (Scheme 9) , 

Scheme 9 

+ Ag-OH > Rr-Ag + ^B-OH 

13 . 

R-Ag R* + Ag“ 

17 

2 R* > R-R 

17 3^ 
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Our results on the reaction of bicyclic organoboranes 
•with silver nitrate and sodium hydroxide point out, first of 
all, that the three bicyclic organoboranes, 2 , 9 and 1^ behave 
siraiiarl-j ...■r ,• 'xior.r.-g mainly cyclic ketone x,dth a small amount 
of cis- cyclic olefin when the cyclic diono and silver nitrate 
are used in Isl molar ratio. The composition of the products 
is dependent on the nuDlar ratio of diene/silver nitrate. Further- 
more, the results with 1 , 3-cyclooctadiene (5) reveal that the 
composition of the products is also dependent on the nature of 
the bicyclic organoborane. 


The possible pathways for the formation of cyclooctanone (4) 
and cis- cyclooctene (3 ) from the 9-borabicycla:ionaT)eS (2 an.d 6 / 
are represented in Scheme 10. First, the reaction of 2 with 
water gives 19^ which leads to the formation of organoboron 
silver compound ( 20 ) on reaction with silver hydroxide. The 
homolytic cleavage of carbon-silver bond in ^ can result in 
the formation of radical species (30.\) which can give rise to 
gem-organoboron radical ( 31 ) by 1,5-hydrogen shift or vic- organo- 
boron radical (^) by 1,4-hydrogcn shift. Electronically, the 
odd electron on carbon in ^ or ^ can be delocalized with the 
electrophilic boron to form ^ and ^ respectively. The conpof’-i- 
tion pf the ^ ^ from 3£(ii. =«B)in iiie reaction may be dictated 

by the favourable transition state involved in the formation of 
the radical concerned after the homolytic cleavage of the carbon- 
silver bond or/and their thermodynamic stabilities. The inter- 
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conversion of and 3^ is possible by 1/ 2-hydrogen shift. The 
radical species and 32 ) can take different paths as shown 
in the Scheme 10 to yield cyclooctanone '(4) and c i s- cy c looc t ene 
(3) respectively. If the jjaths and IZ for the geneses of 
4 and 3 respectively were to be the real ones, one would expect 
the liberation of an equivalent amount of hydrogen. However, 


Scheme 10 



Scheme contd 
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HO 




38 


no hydrogen was evolved during the reaction. Hence, the paths 
A and E have been ruled out. The paths B and C involve the solvent 
molecule, tetrahydrofuran. It is possible to checK the validity 
of those paths by isolating all the products of such reaction^'. 
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The path D proposed for the formation of 3 involves the oxida- 
tion of metallic silver to silver (1) ion, whereas the path S' 
involves the ojjyborohotorocyclic intermediate ( 38 ) , 

Vfc propose the diradical intermediates (^' and when 
the 9-borabicyclononanos (2 and 6) ere treated Xirith excess of 
silver nitrate, which load to the preferential formation of 
cis- cyclooctene (3) (Scheme 11) . Similar pathways could be 
proposed to explain our results with other mediunv-ring dienes* 



In conclusion, this study is interesting in the sense 
that it demonstrates hovj the reaction in medium- ring systems 
could take completely different routes from the normal paths 
observed in the case of acyclic systems* 

II. 4 EXPERII4BKTAL 

All boiling points are uncorrected. The infrared (IR) 
spectra were recorded on a Rjrkin— ElitKjr I4odel— 700 spectirophoto— 
meter as liquid film between sodium chloride plates* Gas liquid 
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chromatographic analyses were made with Aerograph J4Ddel-i>0P 
instirument using 10 ft x 1/4 inch carbovreix or 5 ft x 1/4 inch 
silicone rubber column* 

Starting Materials 

Silver nitrate (BDH) and potassium hydroxide (BDH) were 
used as such. All other materials used were the same as described 
earlier in Chapter 1,4, 

Preparation and Reaction of 9~Borabicyclo (3 ,3,1) nonane with 
Silver iKitrata-Potassium H^/droxide 

In a 250 ml 3-necked flask equipped with a pressure- 
equalising dropping funnel, a low temperature thermometer and 
an inlet and an outlet for dry nitrogen, was placed 15 ml of 
2M borane solution (0,03 mol). A solution of cis / Cis- l,5-cyclo- 
octadiene (3.24 g, 0.03 mol) in 90 ml of dry tetrahydrofuran was 
added through the dropping funnel over a period of 30 min. The 
temperature of the flask was maintained between 0-5°. After 
allowing it to stir for half a.a hour more at that temperature, it 
was stirred for 2 hr at room temperature and 4 hr at 70° (reflux- 
ing THF) , Tlie mixture was cooled to 10° and hydrolysed carefully 
with water. This was treated with potassium hydroxide (3,4 g, 

0,06 mol) in 30 ml of water and silver nitrate (5.1 g/ 0,03 mol) 
in 30 ral of water. The mixture was allowed to stir for 2 hr. 
There was a deposit of silver on the sides of the flask. The 
solution was extracted with ether, washed with dilute nitric acid, 
sod,ium carbonate solution and finally with 'water. The extract 
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was dried over anhydrous magnesium sulphate. Removal of the 
solvent followed by molecular distillation yielded 1.85 g (60%) 
of a liquid mixturey bp 80«85° (bath ten^erature) at 70 mm, 

GLC analysis indicated it to be a mixture of c i s— cy c 1 ooct ene and 
cyclooctanone in tne ratio 17 s83. These were separated by pre- 
parative GLC and identified by comparison of GLC retention times 
and IR spectra using authentic samples. 

A similar treatment of the isoraerized organoborane 
obtained from cisycis-ly S-cvclooctadiene (3.24 g, 0.03 mol) and 
15 ml of 2M borane solution (0.03 mol) with silver nitrate 
(15.3 g/ 0.09 mol) in 45 ml of water and potassium hydroxide 
(10.18 g, 0.18 mol) in 60 ml of water afforded 1.65 g (51%) of 
a liquid mixture containing c^-cyclooctene and cyclooctanone in 
the ratio 91 «9 by GLC anolysis. 

The reaction of the isoraerized organoborane made from 
cis / cis- ly 5— cyclooctadiene (3.24 gy 0.03 mol) and 15 ml of 2M 
borane solution ( 0,03 mol) T.dth silver nitrate (0,51 gy 0,003 
mol) in 5 ml of water and potassi^ hydroxide (3,4 g, 0.06 mol) 
in 30 ml of water gave 0.2 g (6%) of a liquid mixture containing 
ci s- cyclooctene and cyclooctanone in the ratio 15*85. 

Preparation and Reaction of 9-Borabicyclo (4, 2,1) nonane and 
9-Borabicyclo (5, 1. 1) nonane with Silver Kitrate-Potassium 
Hydroxide 

Following the procedure described for the hydroboration 
of ci S y cis^ l y 5-CYclooctadieney ciS/Cis-* ly3-cyclooctadiene (3,24 gy 


0,03 mol) was hydroborated with 15 ml of 2M borane (0,03 mol) 
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solution in 90 ml of dry tetrahydrofuran» The mixture was 
stirred for 4 hr at room temperature after destroying the 
residual hydride with 5 ml of water. The mixture was then 
treated with 10 ml solution of potassium hydroxide (3.3 g, 0.06 
mol) and 10 ml solution of silver nitrate (5.1 g, 0.03 mol)/ and 
allowed to stir for 2 hr. The usual worlcup pirocedure yielded 
1*95 g (60%) of a liquid product/ bp 75-80^ (bath temperature) 
at 60 mm, Glc analysis on a 10 ft carbowax column showed it to 
be a mixture of c i s— cy c looc t ene and cyclooctanone in the ratio 
9:1. The products were identified using authentic s angles as 
described earlier. 

Preparation and Reaction of 10- Borab i cyclo (4/>.l) decane with 
Silver Nitrate-Potassixim Hydroxide 

cis/Cis- l/ 5--Cyclononadiene (1,22 g/ 0,01 mol) was hydro- 
borated with 5 ml of 2M borane (0.01 mol) solution in dry tetra- 
hydrofuran as described earlier in the hydroboration of cis / cis- 
1/5-cyclooctadiene. The mixture was stirred for 4 hr at 70° and 
cooled to 10°. Kesidual hydride was destroyed by adding 5 ml 
of water. The organoborano v/as then treated with 10 ml solution 
of potassium hydroxide {1,12 g, 0,02 mol) and 10 ml of silver 
nitrate (1,7 g, 0.01 mol) solution. The mixture was allowed to 
stir for 2-3 hr and vjorked up in the usual manner to give 1 g (82%) 
of a liquid/ bp 80-85° (bath tonperature) at 6 mm. GW analysis 
indicated the liquid product to be a mixture of ci s- cyclononene 
and cyclononanone in the ratio 15:85. Both the con 5 >ounds were 
separated by preparative GliC and identified using authentic 
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samples by comparison of GLC ratention times and IR spectra.^ 

P reparation and Reaction of ll-Borobicyclo (5, 3,1) undecane vd-th 
Silver Mitrate -Potassium B/droxide . 

The organoborane obtained from ciS/Cis~ li 6-cyclodecadiene 
(1.36 g# 0.01 mol) and 5 ml of 2M borane (0.01 mol) solution in 
30 ml of dry tetrahydrofuran was treated with 10 ml solution of 
potassium hydroxide (1.12 g, 0.02 mol) and 10 ml solution of 
silver nitrate (1.7 0.01 mol). There was an immediate deposi- 

tion of silver on the sides of the flask. The mixture was allowed 
to stir for about 2 hr. The usual workup procedure gave 0.95 g 
(70%) of a liquid, bp 80-85° (bath temperature) at 1 iran. GIC 
analysis on a 5 ft silicone rubber column showed the presence of 
ci s- cyc lodec eno and cyclodecanone in the ratio 1*9. The products 
ware identified by comparison of GLC retention times and IR spectra 
with authentic samples after preparative GLC separation. 
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CHAPTER III 


DIEKDROBORATIOH OF ALLEHES 


III.l ABSTRACT 

The study on the diliydroho ration of some cyclic (1,2- 
cyclotridecadiene and 1 , 2-cyclononadiene ) and acyclic (3-ethyl- 
1,2-pentadieiie, 3-phenyl- 1,2-butadiene and phenylpropadiene) 
aX2.0n.'3s is described* For exaiaple, dihydroboration— oxidation 
of 1 / 2— cyclotridscadiene gave a mixture of products containing 
isomeric cyclotridecenes/ bicyclo ( 10 *l» 0 )tridocane/ cyclotri— 
decaiione, cyclotridecanol, isomeric 1,2— eye xotri decane diols 
and isomeric 1,3-cyclotri decane diols, Hovjever, dihydrobora- 
tion-hydrolysis-oxidation of 1 , 2 -cyclotridecadiene afforded 
mainly cyclotridecanol, while dihydrobo rati on-oxidation with 
chromi\am trioxide-pyridino yielded a mixture of cis- and 
trans- cyclotridecene. Reasonable mechanistic pathways have 
been suggested for the formation of these products. The 
results with other allenes have also been rationalized on a 


siroilar basis. 
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III. 2 HTTRODUCTIOH 

Surprisingly few investigations have beoi described in 
the literature on the hydroboration study of allenes as ccanpared 
to the isomeric acetylenes, Monohydrobo ration of cyclic all«ies^ 
with diborane followed by oxidation was first reported in 1963. 

1/ 2-Cyclononadiene on monohydrobo ration-oxidation gave mainly 
cyclononanone and smaller amounts of cis-cyclononeiie and cyclo- 
nonenol (Scheme 1). ,1/2/6-Cyclononatriene and 1, 2-cyclodecadiene 
behaved similarly. The formation of hetone as the major product 
in these cases points out towards the central attack of boron 
in cyclic allenes. 
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Since diborane is a multifunctional reagent* monotydro— 
boration of allenes vdtb diborane might proceed through mono- 
all^yl-^ dialhyl- and tri alley Iborane stages. Therefore, 
it follo^^ that the transition state for each step in the reac- 
tion may have different steric requiranents. Thus, the percentage 
electrophilic attack of diborane at the central and terminal 
carbon atoms of the allenic linkage -will be governed by the 
cumulative steric effect due to ring size of the allene and the 
intermediate organoboranes. 

Quite recently, monohydrobo ration of 3-metly 1-1, 2-buta- 
diene, 2,3-pentadiene, 2,4-dimethYl-'l,3-p$ntediene & 1,2-cyclonona- 
diene has been studied by Fish using 4,4,6-trimethyl-l,3-dioxa- 
2-borinane (TMDB) as hydrobo rating agent, a; uni functional borane 
(Scheme 2). The unusual stability 'of TMDB and its derivatives 
has permitted the isolation of allene adducts and thereby, elimi- 

3 

nates the usual o^cidetion step which Brown and coworkers have 
employed to detect the point of boron attack. 

These results clearly demonstrate the predOTtiinant terminal 
attack of boron with. 1 , 1-di substituted and monosubstititted allenessr 
and preferential attack on central carbon atom with 1,3-di- and 
tetrasubstituted allenes. Similar results have been obtained 
\n.-fh acyclic allenes such as l,2-nonadi.ene» phenylpropadiehe, 

3 -phenyl- 1 , 2-but adiene , 4, 5-nonadi ene & 2 ^ 4-Idmethy i-2 , 3-pentadiene 
'when dxsismylborane was used as the hydrobo rating ag^t. These 
results have been explained in terms of steric effects on a 
four-centered transition state. 
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Scheme 2 
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Tlie results on the itionohydroboration of cyclic allenes(l#2-- 


cyciononadiene and 2~cyGlotridecadiene) vdth disianiylborane 

5 

are interesting. It has been shov;n that 1 # 2~cyclononadiene and 
1,2-cyclotrldeGadiGne undergo 78% and 100% hydroboration respec-, 
tively. 1 1 - 2 -Cyciononadiene gave products which represented 83% 
attaclc of boron at the central carbon atom and 17% attack at the 
terminal carbon atom, 1,2-Cyclotridecadiene gave 62% central 
carbon attack and 38% terminal carbon attack (Scheme 3), It is 
interesting to note that with the increase in ring size^ terminal 
attack of boron increases. The reactivity and selectivity have 
been explained in terms of steric effects on a four-centered 
transition state. 

Scheme 3 
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Corsano has reported the dihydrobo ration of propadiene, 

1 / 2— hepcadiene and plienylpropadiene with diborane, Propadiene 
gave 98^o 1/ 3-propane diol, whereas I* 2-heptadiene and phenyl— 
propadiene yielded a mixture of 1,2- and 1,3-diols after oxida- 
tion of the intermediate organoboranes (Scheme 4) . 


Scheme 4 


CH2=C=CH2 


1 . 

T: H^O^-HaOH ^ HOCHj-CHj-CHjOH 


CE^-CB.2-CH^-CB2-CE=C=C11^- 


CH^- (CH2)3-CH-CH2-CH20H 


OH 


CH3 - (CH^ ) 3 -CH2-CH-CH2OH 
OH 


CgH5-CH=C=CE^ -> 


C. Hj. -CH-CP' -CH-OH 
o 5 I 2 2 


in 



The ga? pl'xafie reaction of propadiene with excess diborane 

at 90-95^ han been shown to result in the formation of 1,2-tri- 

7 

methylenediborane or its polymer through allyldiborane (Sch®ne 5) . 

It is desirable to review here the hydrobo ration of 
acetylenes^ as the isomeric acetylenes and allenes are capable 
of giving rise to some common intermediates on^addition of bokan- 
hydrogen b6nd(s). Monohydrobo ration-oxidation of a terminal 
acetylene gives the corresponding aldehyde# while an internal 
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Scheme 5 


CH2«C=CH2 




CH2=CH-CH2-B2Hg 



acetylene yields the ketone. The protonolysis of the intermediate 
vinyl organoborane gives either terminal olefin or cis -olefin in 
98-100% purity"" (Scheme 6), 


Scheme 6 
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The vinyl organoboranes obtained by the monohydroboration of 
acetylenes have been utilized in the synthesis of vinyl halides 
and conjugated dienes. Vinylboranes prepared from terminal 
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acetylenes are readily attacked ty bromine. The resulting dibromo- 
compound eliminates Br-B^ moiety by cis- or trans -fashion depen- 
ding on the prevailing conditions to yield bromo-olefin. The 
trivinylborane from internal . acetylenes with iodine leads to 
stereoselective synthesis of conjugated dienes. 

Diliydroboration of terminal acetylenes is known to give 

qem-diboro compound as the major product/ while internal acety- 

13 16 

lenes give mainly yic-diboro compound (Scheme 7). The 

alkaline hydrolysis of gem and yic-diboro compounds has been 

15 

studied to a great length by Paste. Based on deuterium incar^K)- 
ration^ it has been suggested that the yic-diboro derivative under- 
goes exceedingly rapid base-catalyzed hydrolysis. The possibility 
of neighbouring boron participation during the hydrolysis of 
yic-diboro compound has been explored. The proposed bridged 
boron anion is capable of \mdergoing hydrolysis to give mono- 
bo roderi vat ive, which on oxidation gives alcohol or it can vmdergo 
elimination to give olefin (Scheme 7), 


Scheme 7 
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In view of the limited work Corsano on the dihydrobora— 
tion of propadiena and monosubstituted acyclic allenes (1^2-h@pta- 
diene and phsnylpropadiene) /. it seemed to be of interest to stu^ 
the dihydrobo ration of some acyclic and cyclic allenes. Our work 
on the monohydroboration of representative acyclic allenes and 
cyclic allenes prompted our entry into this area* . 

I II. 3 RESULTS A3® DISCUSSION 

The allenes (1,2-cyclotridecadiene/ 1, 2-cyclononadienei 

3-Gthyl-l/2-pentadiene/ 3-phenyl- 1/2-pentadiene and phenylpropa- 

diene) required for the present investigation were prepared by 

the well known two-step synthesis starting from a suitable olefin 
17 18 

in each case. ' In this two-step sequence, the first step 
^ invdhfes the addition of dibromocarbene to an olefin (1) and the 
second step involves the reaction of the resulting 1,1-dibromo- 
cyclopropane derivative (2) with methyllithiiom in ether at -40 to 
-45*^ to obtain allene (3) in good yield (Scheme 8). Thus, the 
overall structural change involves the insertion of a single 
carbon atoiifi betvreen the t\70 of the original double bond* 

Scheme 8 
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All the allenes synthesized showed properties in agree- 

19—23 

itient with those in the literature. The purity of each 

allene v/as checked by GLC before use, Dihydrobo ration of allenes 
was achieved using a standard solution of borane in tetrahydro- 
furan.'' There was obtained a white precipitate in each case 
on allowing the reaction mixture to stir for sufficient time 
(12-14 hr) , The resulting organoboranes were treated with, 
alkaline hydrogen peroxide and worked up in the usual manner. 

The mixture of products was ca^refully analyzed by TLC and then 
subjected to column chromatographic separation. ^ The identity of 
the products was established by comparison of GLC retention times 
and IR with th^se of authentic samples or by elemental analysis 
and spectral evidences, 

111,3.1 Dihvdroboration of lr2-Cyclotridecadiene (4) 

The products formed from the dihydrobo ration of 1,2-cyclo- 
tridecadiene (4) in tetrahydofuran (Is 1,3 mol ratio of allenes 
borane) followed by alkaline hydrogen peroxide oxidation gave 
5% of a mixture of hydrocarbons containing cis-cyclotridecene 
(^) , trans -cyclotridecena (6) and bicyclo (10, 1.0) tri decane (7) 
in the ratio Is7s2/ 1 ^ 5 % cyclotridecanone (8^) > 21 % cyclotri- 
decanol (9)/ 14% cis- l., 2-cyclotri decane dioJL (10) , 15% trans-1,2- 
cyc lot r± decane diol ( 11 ) and 3.5% of a mixture of isomeric diols 
which has been tentatively as^gned as a mixture of cil^- and 
t rans- 1.^ 3-cyclotri decane diol ( 12 ) as shown in t'he Schane 9. 

All the products except ^ were identified unambiguously usiftg 
authentic sargiles. 
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However, diTiydroboration of 1, 2-cyclot.ridecadiene (4) 
with borane follov/ed by hydrolysis with sodium hydroxide at 
80° for 24 hr and oxidation mth alkaline hydrogen peroxide at 
0° afforded 1% of a nuxture of ci s-cyclotrideceno (5) and 
cyclotridecene (6) in the ratio 17 sSS and 60% of cyclotrideca- • 
nol (9) (Scheme 10) . 

Scheme 10 
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On the other han'? dihydrobo ration— oxidation with chrcmiium 
tri oxide— pyridine yielded 50% of a mixture of cis— cyclotridecene 
(5) and t r ans- cyc lot ri dec ene is) in the ratio 3 s 17 and 3% of 
cyclotridGcanone (8) (Scheme 11) . The results on the dihydro- 
boration of 4 are suiruflarized in the Table 1. 

Scheme 11 



S 
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Table 1 

Dihydroboration of 1,2-CyGlotrideGadiene (4) 


Products 


% Yield 


DIIB-H^O -IfeOH 

DHB-I'Ia0H-H202 

IHB-CrO^ 

cis-Gjfclotridecene (5) 

5 

7 

50 

trans-Cyclotridecene (6) 


(5.+6) 

(5+6) 

Bicyclo (10. 1,0) tri- 
decane ij) 

- 

- 

- 

Cyclotridecanone (8) 

1.5 

- 

3 

Cyclotridecanol (9) 

27 

60 

- 

cis-1, 2-Cyclotri- 
decane diol (10) 

14 

- 

- 

trans-1, 2-Cyclotri- 
decane diol (11) 

15 

mam 


1,3 -Cy c lot ri dec ane 
diol (1^) 

3.5 

— 

— 


III. 3. 2 Dihydroboration of l/2-»C7Glononadiene ( 13 ) 

1/2-Cyclononadiene ( 13 ) on dihydrobo ration-oxidation 
provided 0.6% t rans- cy c lohonene (14) , 0.3% cyclononauone ( 15 ) 
31% cyclononanol (16) / 11% cis- 1 , 2-cyclononane diol (17) ,11% 
trans- 1 / 2-cyclononane diol ( 18 ) and 0.8% trans- l^ 3-cyclononane 
diol ( 19 ) as shown in Scheme 12. All the products were identi- 
fied by comparison with authentic samples. 
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Scheme 12 




18 


III*3«3 Dihydrobo ration of 3-Ethyl--1^2~pentadiene { 20 ) 

The organobdranes obtained by dil^droboration of 3-ethyl— 
1^2-pentadlene (20)^ on oxidation with alkaline hydrogen peroxide 
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afforded 1 % 3-etliyl--2-pentanol ( 21 ) and 40% 3-ethyl-l/2--pentane 
diol ( 22 ) (Scheme 13). Structures of 23^ and 2^ were confirmed 
by elemental analysis/ IR and KMR. The M'lR spectrum of 21 
displayed signals at ^ 3.9 (m, IH) due to hydroxyl bearing 
methino proton and 0,9-1. 5 (m/ 15H) . 3-Ethyl-l/ 2-pentane diol 
( 22 ) had bands at ^ 3. 5-3. 9 (m, 3H) attributed to hydroxyl 
group bearing raethine and methylene protons, 3.0 (s, 2H) due to 
hydroxyl protons and 1.0-1, 4 (m, IIH) , 


Scheme 13 
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III. 3, 4 Dihydrobo ration of 3- Phenyl- 1, 2-butadiene ( 23 ) 

•Treatment of 3 -pheny 1-1 /2-butadiene ( 23 ) with excess of 
borane in tetrahydrofuran followed by hydrolysis and oxidation 
with hydrogen peroxide produced a irdxture of products v^ch on 
column chromatographic separation gave 11% 3-pheny 1-2-butanol 
(24) / 7% 3-phenyl-l-butanol (25) , 8% 3 -phenyl- 1,3-butane diol 
(26) / and 60% 3 -pheny 1-1, 2-butane diol ( 27 ) (Scheme 14). The 
identity of the products was based on elanental ^j^lysis, IR 
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and M4R, 


CH^ 

^ 6^5 

23 


Scheme 14 

OH 



The IMMR spectrum of 2j4 showed bands at 4 7,3 (s# 5H) 
aromatic protons/ 3*8 (q/ J “ 6 Hz, IH) hydJOTjyl bearing. methine 

proton 2.82 (q, J = 7 Hz, iH) benzilic proton, 1,7S^ (s, IH) 

? 

hydroxyl proton, 1.3 (d, J-7Hz, 3H) methyl protons and 1.0 
(d, J = 6 HZ, 3H) metl^l protons. The NMR of 25 displasyed bands 
at ^ 7.5 iiBf 5H) aromatic protons, 3.5 (t, J = 6 Hz, 2H) hydroxyl 
beerinj aethyiene protons, 2. 62 (q, J = 7 He, IH) l»nsylic 
proton, 1*84 (t, J = 6 Hz, 2K} , methylene protons 1.75 (s, IH) 
hydroaq'l and 1,35 (d., Js=7Hz, 3H) metbyl uroton*. ^ 
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and 27_ had M’iR spectra expected of their structures, 

III. 3. 5 Dihydroboration of Phenylpropadiene ( 28 ) 

The dihydrohoration and oxidation of phenylpropadiene 
(28) proceeded to give 2.5% 1-phenyl- 1-propanol (29) / 7.5% 
l-phenyl-2-prcpanol ( 30 ) , 5% 3-phenyl-l-propanol ( 31 ) and 38% 

1/ 3-propane diol ( 32 ) (Scheme 15). The identity of all the 
products established by comparison of GLC retention times 

and IR spectra x-d-th those of authentic samples (Scheme 15). 

Schem e 15 

^ 6 5 j 2 ^ 

OH 

29 

-> CgH5-GH2-CH2-CH2-CH ; 

OH 
32 


G^H.-CH=C=CH^ 

S 5 2 ox. 

28 


,IlI,3^6 ' Pihydrobor^tion of Acetylenes 

The gem- and vic- organoboranes have been obtained- frcan 
the dihydroboration df acetylenes, Ihe dihydroboration of 
acetylenes follovjed by basic hydrogen ^roxide oxidation has 
been extensively stu<^ed by several group of worhers. ' 
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Logan and Flautt isolated 2/2/5/5-tetramethyl-3-hexanol ( 34 ) 
and 2 #2^ 5/ 5--tetramethyl-3/ 4-hexane diol ( 35 ) from dlhydrobora- 
tion of di-t-butylacotylono (^) (Scheme 16) . These authors 
rationalized fne forraation of the monoalcohol as possibly 
occurring by reduction of the corresponding carbonyl compcsaaidr 
formed by hydrolysis and oxidation, some reducing species (BH) 
present in the mixture during work-up. 

Scheme 16 


t-C^Hg-CH:-C^Hg-t 

33 


DHB 


t-C4Hg-CH2-CH-C4Hg-t. 

OH 

34 


t-C , H^-CH-CH-C , H,,-t 






4 9 


OH Oh 
35 


3 

Brown and Zweifel isolated 1-hexanal (32) 1-hexanol 
( 38 ) and 1,2-hexane diol ( 39 ) from the dihydroboration of 
1-hexyne (36) * 3-hexanone (41) , 3-hexanol (^) and 3,4- 
hexane diol (^) from 3-hGxyne (^) . From evidences gathered 
from the dihydroboration of 1-hexyne ( 36 ) / the authors visueilized 
the formation of 3-hexanol ( 42) as occurring via a base-catalyzed 
hydrolysis of gem-diboro-organoborane ( 44 ) to monoboro-organo- 
borane ( 45 ) followed by oxidation (Scheme 17 ) * 
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Scheme 17 




Hassnsr aad Braun^"^ isolated trans~ stilberte ( 47 ) $ deoxy- 
benzoin (4S) / 1 , 2-di;p'henylethanol ( 49 ) and <^ -hy drobenzoi n ( 50 ) 
from dihydroboration of diphenyl acetylene ( 46 ) . Kie fonaation 
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of trans- stilbene ( 47) was postulated as occurring by the elimi- 
nation of boron-boron bonded species from vic- diboro organoborane 
( 51 ) as shown in Scheme 18. 

Scheme 18 


C^H_-C=C-C^H- 
6 5 6 5 

46 



50 


B 




i 


51 



-n ^ 


However, the proposed imecdianism by Hassner and Braiih^^ 
was in direct contradiction with the mechanism of Pasto and 
Miesel"^ ' ~ for such an elimination or transfer reaction. 
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According to Pasto and idiesal the j9 -substituent to the boron 
atom must possess a non-boncled electron pair capable of complex- 
ing with boron to initiate the reaction relieving the instability# 
and the stereoclioioistry must be such, as to allow intramolecular 
complexing to occur. In this case the ^-looron has no non-bonded 
pair of electrons, and therefore, 5J^ is expected to be stable 
towards such elimination reaction. In addition, the reverse of 
this postulated els’, mi nation is laiown to occur. 

riassner and Braun^^ also suggested a possible mechanism 
for the formation of monoalcohol ( 49 ) via hydroboration of a 
postulated intermediate (^) formed by an intramolecular hydride 
shift in vinyl organoborane (52)? follov/ed by oxidation (Scheme 19), 

Scheme 19 


C^Hc-CsC-C^Hj. — 

A 5 A 5 ^ 


6 5 6 5 

46 


BH-. y‘^6^5 




H' 


52 




6 5 A 


53 


165 BH- 




6 5 2 [ 6 5 

/ 54 


[o] 




OH 


49 
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At this stage Pasto^^ did a detailed study on the dihydro- 
boration of diphenyl acetylene ( 46 ) and isolated a small amount 
of cis-stilhene and dibenzyl along vdth the mixture of products 
as reported by Hassner and Braun. The deuterim labelling 
studies have indicated that many of the previously suggested 
mechanisms are not operative and that the vic- »diboro organo-^ 
borane (51 ) is the precursor for olefin (47 )^ monoalcohol ( 49) . 
and 1/2-diol ( 50) in the case of internal acetylenes. The 
labelling eaqjeriments have indicated that the vic- diboro organo- 
borane ( 51) undergoes exceedingly rapid base-catalyzed hydrolysis 
Indicating participation ty neighbouring boron during hydroiy^s. 
The proposed bridged boron anion (55) may undergo elimination tb 
give trans- stjlbene (47 ); deuterolysis to give monoboro organo- 
borane (58) which on oxidation gives -deuterioalcohol ( 59) 
(Scheme 20) 


Scheme 20 



59 Idl thfflao) 
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The inabilitY to detect olefin ( 47 ) prior to deuterolysis 
and detection of cis- stilbene were not coinpatible with an elimi- 
nation of a boron-boron bonded species. The stereocheraistry of 
the intermediate vic- diboro organoborana ( 51 ) fomed by two 
ci s- additions of ^3-:i to carbon-carbon triple bond would require 
the for.aation of t r ans - st i Ibene (^_) from diphenyl acetylene 
( 46 ) . The possibility for the fomation of olefin by the hydro- 
lysis of a vinylic cax'bOii-boron bond has been eliminated by 
the lad: of deuterium incorporation in the olefin during 
dexit e roly s i s . 


The monoalcohol ( 49 ) was snown not to be foriaed exclusively 
by hylrolysis of the gem-diboro organoborane (_6l) followed by 

3 

oxidation as sugvgested by Brown and Sv.’eifel or by hydrobo ration 
of the lntorTiV:jtl.iate (53_) hivir.g a carbon-bi^ron 

d.-v.blo or rj-.h-clien of an i...tter.;iO'liEtc carvooi;/! 


coiipound (^) luring TOd'.-up as evidenced by the incorporation 
of deuterium both in positiors 1 and 2 of 1,1-diphonylethanol ( 50 ) 
obtained from dip::enylacetylene (^) . furthermore, the rate of 
incon^xjration of deutariiim in '^-position of monoalcohol ( 49 ) 
occurred at ;* rate comparable to the rate of incorporation 
of deuterium at 1-position, and the rates v?ere considerably 
faster than the deuterolysis of irpnoboro organoborane. The 
enhanced rate of deuterolysis of carbon-boron bond of the 
vic- diboro orgaiioborane ( 51 ) has been explained by invoicing the 
participation by the neighbouring boron in two ways during 
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carbanion fomation as tlie t x~ans- st i Ibane ( 47 ) is formed in 
great excess over tno c is- isomer. It would appear that the 
anion (55) with retention in configuration is preferred over 
the aiiion (60_) vath inve.^.siori (Scheme :<il). As expected^ the 
anion (5^) xath ret-ontion in configuration would give the 
desired ril-threo monoalcohoi (59) and by direct elimination 
the desired trans- stilbeno ( 47 ) on deutorolysis (Scheme 20) . 



(Retention) 


(Inversion) 


The forraation of monoalcohol (^) with deuterium incorpo- 


rated at 1-position and deoxybensoin (^) has been indicated 
from - 4 em- dibo ro organoborane ( 61 ) (Scheiue 22} . 


Scheme 22 


Y 


\/ 

B 




OH 


I 


-> C^IIg-a-l2-Cx)-C^Ht . — ^ 
62 


6 5 


63: 


^ C,H5-CH2i-^6^ 

O 


48 
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All these f acts^ in short, point out that dihydroboration 
of acetylenes depends upon the structure of the acetylene. An 

i 

internal acetylene gives vd^-diboro organoborane as the major 
product/ V7hereas geia-diboro organoborane is obtained as the 
raajor product from terminal acetylenes. 

111,3.0 Dihydroboration of Allones 

In principle, two successive cis- additions of boron- 
liydrogen bondi to t-wo ortliogonal double bonds of an allene {^) 
could give rise to gom- , vie- and 1/3-dibcro organoboranes 
( 66 / 67 and £3) via vinyl and allyl organoboranes ( 64 and 65 ) 
as shown in the Sclieme 23. ' 

Scheme 23 



The monohydrobo ration of cyclic as well as acyclic allenes 


is well precedented in the literature 


1,2 ,.4 ,5 


It lias been shown 


that cyclic and 1,3-di substituted acyclic allenes (69 and 71 ) 
undergo monohydrdboration to give vinyl organoboranes (7i9 and 72 ) 
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as the major products, while mono- and 1,1-di substituted allenes 
( 73 and 74 ) provide mainly allyl organoborane ( 75 ) iy attack of 
the boron at the least Idndered ten.dnal carbon atom of the 
allenic linka-je (Scheme 24) , 

Scheme 24 



73 H? ^ 2 = allqrl) ; 

74 (R^= ^2“ al'^l ) • 

In the case of cyclic allenes the formation of vinyl 
organoborane (70) is directed by the ring size ^ Which forces 
the boron-hydrogen of borane or any other hydroboratinil^ species 
to approach from the ring side or hydrogen side. However, 
attack fjxim the hydrogen side is preferred for steric reason. 
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Based on the dihydroboration study of diphenyl acetylene ( 46 ) it 
is reasonable to assma the second boron-hydrogen bond cis- 
addition would lead raainly to the forsnation of 1/2-diboro organo- 
borane (76A) vri.th tlireo configuration. However, the formation 
cry thr o - vic- diboro organoborano (7 SB) from traiisr - vinyl organo- 
borane (7 OB) is also possible to sorae extent. Kow the trans- 
olefin (7 8 A) as the only product or the major prodiict can be 
visualized via the anion (77x1) by direct elimination. Similarly, 
the., minor cis- olefin (73B) can arise from the anion {77B) 

(Scheme 25) in accordance with Pasto's mechanism, The exclusive 
path for the forraation of the anion 77A seems to bo from the 
vic- diboro organoborane 76A. 



.77A 


77B 
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It lias been established that the terroinal carbon attack 
by ]x>ron increases from 1, l-cyclononadiene ( 13 ) to 1, 2-cyclotrl- 
clecadiene (4) . So, we suggest that the formation of the interes- 
ting bicyclo (lO.l.O)tridocane (7^) from 4 is possibly occurring 
from 1,3-diboro organoborana (79^) via the bridged anion (80) as 
shovm in the Scheme 26. 

Scheme ?.G 




There are thrcve possible routes for the genesis of the 

monoalcohol (^) (Scaeimi 21 ), Tiic- dihydroboration study on 

diphenyl acetylene (^) suggests that the monoalcohol ( 84 ) is 

exclusively by hydrolysis of the vic- diboro organoborana ( 76 ) 

followed by oxidation. The observed increase in the amount of 

cyclotridecanol (9) formed when the time of hydrolysis vras 

15 

enhanced/ is in agreement with Pasto's observation that 
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Scl'i^ine 27 




vic- diboro organoborane ( 76 ) undergoes hydrolysis faster than the 
monoboro organoborane. The formation of the cyclic hetone is 
visualized via 83 , whereas 76 and 3^ can give rise to isomeric 

1.2- and 1,3-diols rGspc?ctivGly, 

Brovm and coworli-Drs,'* havo shown that organoboranes, can be 
converted to the corresponding hetones by ciiromic acid oxidation. 
In view of tlris, an attoiapt v/as nc.do to find the relative amounts 
of various organoboranG intormodiates in the dihydroboration of 

1 . 2- cyclotridGcadiene (4). "o our surprise chromium trioxide- 
pyridine oxidation of the organoboranes gave mainly olefinic 
products in high yield (Scheme 11 ) . The f orraation of the olefinic 
products (5 and can be explained via a two-step path or/and 
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one-step path as shov«i in the Schatie 28, 

Scheme 28 



3-3thyl-l/ 2-pentadiene ( 20 ) gave 40?4 of 3-etliyl-1^2- 
pentane diol ( 22 ) and 755 of 3-ethYl-2-pentanol (21) , The result 
can be explained via 1,2-diboro organoborane ( 86 ) (Scheme 29), 

Scheme 29 


^2^5 


xar 


^C=C=CH„ 

/ 2 




Y 


20 


-> 'CH^CII-GH2-B ^ ^ (C2Hg)2CB-.CH-CS2-CH 

86 ,3 ® 




rr ^ ri ^ „ eB-OH 

„ I t03 ? 

86 ^Ci-CH CH 2 ) C2Hg-<p--CH-^ 


IH 






87 
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The forKiation of 3~cthyl-2-pent£,nol ( 21 ) as the only monoalcohol 
further substantiates the presence of a cyclic boron airion ( 87) 
from 06 * Tlie water approaches only frora tho least hindered side 
to fozTii the . raore substituted alcohol, 3-etliyl-2-psntanol ( 21 ) 
after oxidation. At present we havo no explanation to offer for 
the absence of olefinic products in the dihydroboration of 20 . 

3 - Phenyl- 1 / 2-buta<±Lene ( 23 ) behaves almost like 3-ethyl— 

1/ 2-pentadieno ( 20 ) except that a small amount of 1/3-diboro- 
organoborane is also formed in addition to 1,2-cliboro organo- 
borane. In the case of phony Ipropadiene ( 23 ) , the formation of 
1 -phenyl- 1,3 -propane diol (^) is in accordance with that reported 
'yf. Carsano," Oixr results suggest that tho second /B-H addition 
to the initially formed allyl organoborano ( 09 ) (Scheme 30) is 

Scheme 30 



dictetted mainly by the steric effects caused by a phenyl group 
on one side and a boromethyl group on the other side, and also 
by the electronic effect of the phenyl group to some extent. 

The predcaninant formation of ^ indicates that the second boron 
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attack is favoured at the methine carbon bearing the phenyl 
group to form 1/3-diboro organoborane (90). The fonaation of 
the mono alcohols - 31 ) may be visualized from the possible 
QoiTiv vic- and 1,3-clibora organobormie intermediates as discussed 
before, 

1 1 1 . 4 EXPSx vIi'iSiTrAL 

Boiling points are uncorrected. Melting ixiis^i'ts v/ere taken 
in open capillaries using 1‘homas-. Hoover capillary melting point 
apparatus and are uncorrectod. Infrared (Ik) spectra x^rere 
recorded on a Perlcin-Hlmer liodel 700 or 137B spectrophotometer 
using potassium broraide discs or as liqiiid films between sodium 
chloride plates. Ikiclear magnetic resonance (i^l) spectra were 
Obtained mth a Parian Associates A-60 il-L;. spectrophotometer in 
deutorated chloroform with tetramethylsilane as the internal 
standard. Gas licniid diromatographic (GLC) analyses v^ere made 
with Aerograph i4odel 90-P instrument using 10 ft carbowax colrunn. 
Silica gel (AjW) or basic al\.imina (B. Merck) was used for thin 
layer chromatography (TIC) , Column chromatography was done on 
basic alumina columns. Microanal"’'SGS were done by i4r.A.H.Siddigui, 
liicroanalyst of the J^epartment of CTncanistry/ Indian Institute 
of Technology/ ICanpur-l6/ India. 

Starting Materials 

1/2-Cyclononadiene was synthesized as described in 
Chapter 1.4, Gyclododecene (Colunibia) / 2-ethyl- 1-butene 
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(Aldrich Co. ) , sfyrane (BDH) and o(/-raethyl styrene (BDH) -were 
used as such. Chromium trioxide (BDH) was stored in a.vacuxim 
desiccator over phosplioroua pc3ntoxida prior to use. Sodium 
dichrcmate v/as \ised as such. Analytical grade pyridine (BDH) 
was used without further purification. Other materials used were 
the sarae as described in Chapter 1.4. 

Preparation o£ 13 , 13-Dibro:riobicyclo (10. 1.0) tri decane 

Pronu cyc,lododecene (42 g, 0,25 mol), potassium (10 g, 

0,25 g atom), bromoform (63 g, 0,25 mol) and 3C0 ml of dry 
t-butanol, there was obtained 59 g (70/«) of 13 , 13-dibromobicyclo- 
(i0.1.0)tridecane, bp 100-102° at 0.02 mm , 1.5433 (lit<°, 

bp 110-115° at 0,08 mm). 

The compound was • found to be saturated to neutral pota- 
ssium permanganate and bromine. GIjC on a 2 ft silicone rubber 
column indicated it to be a single compound. 

Preparation of l,2-Cyclotridecadi3ne 

13, 13-Dibromobicyclo (10.1.0) tridecane (70 g, 0,20 mol) 
was treated V7ith methyllitliium prepared from lithixim (5,6 9/ 

0.00 g atom) and methyl iodide (55,8 g, 0,040 mol) at -40 to 
-45° to give 20,4 g OOv^i) of 1, 2-cyclotridecadiene, bp 74-76° 
at 0.4 mir* , 1.5050 (lit^°, bp 83-05° at 3 ram) . 

The In spectrura of the congjound showed medium-strong 
band at 1950 cm“^ characteristic of the allenic linkage, GLC 
indicated it to be a single substance. showed a band at 

^ 4.94 (m, 2H) in agreement with its structure. 
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Preparation of 1/ l~Dibrorao-2^2-diethvlcyGlo'oropane 

Prom 2-etliYl-l-l>utene (33,6 q, 0,40 mol), potassium 
(10 g, 0,25 g atom), 300 ml of dry t-butanol and bromoform 
(63,3 g, 0,25 mol), there was obtained 39 g (61/4) of 1,1-dibro- 
mo-2, 2-die.thylcyclo3propane, biJ 70 at 7 mm, n^ ’ 1,5107 following 
the general procedure described in Chapter 1.4. 

The IR and qualitative chemical tests confirmed the 
absence of a double bond. The compound was found to be homo- 
geneous by GLC, 

Anal , for Calcds C, 32,80; H, 4.69, 

Pounds C, 33,01; H, 4.60. 

Preparation of 3-atliyl-l,2-p-3ntadieiie 

l,l-Dibromo-2,2-diethylcyclopropane (39 g, 0,14 mol) was 
treated vdth motlj.yllithium prepared from lithium (4,2 g, 0,60 g 
atom) and methyl iodide (42,6 g, 0,30 mol) at about-50° to give 
7.2 g (53/a) of 3-ethyl-l, 2-pentadiene, bp 9fP at 750 mm, 

1.4295 dit"^, bp 40-51^ at 150 mm). 

'ILC cs'-edysis indicated it to be a single substance and 
IR showed charactoriotic allenic bands at 1950 and 850 cra"’^. 


Preparation of 1, l-Dibromo-2-:ohenylcyclopropane 

Jilcoliol free potassium t-butoxide (from 20 g, 0,50 g atexa 
of potassiiam and 500 lol of dry t-butanol) v/as cooled to -20° and 
styrene (62,4 g, 0,60 mol) in 500 ml of pentane was added. 
Bronaofojmi (151.8 g, 0,60 mol) was added over a period of 6 hr 
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and tlie usual extraction and fractionational distillation i^^roce- 
dure afforded 96 g (10%) of 1/ l-',iibronio- 2 -phen 7 icyclopropane/ 
bp 67-63 ut 0.02 ma, 1.5952 (iit.^^ bp 9C-91 at 0.1 mm, 
1 . 6001 ). 

Tlie of tlio couioound vras established by GLC. It 

failed to react vrf.th bronrlne and neutral potassium permanganate. 

Preparation of Phenylprouadiene 

1, l-Dibromo-2-plianylcyclopropane (G2.0 g, 0.30 mol) was 
treated vrith inethyllithium prepared from lifnium (8,4 g, 1,2 g 
atom) and methyl iodide (85,2 g, 0.60 mol) in dry ether at about 
—60^ to give 27 g (77%) of phenylpropadiane, bp 78*^ at 17 mm, 
n^^ 1.5794 (litP bp 64-65° at 11 rnra, n-i^ 1.5809). 

GLC analysis using a 10 ft carbowax colunm indicated it 

—1 

to be pure. It showed strong Ii\ absorptions at 1938 and 350 cm 
characteristic of allenos. 

Preparation of 1, l-Dibrorao-2-phenyl-2-methylcyclopropane 

From -methyl styrene (70.3 g, 0,60 mol), i^otassiura 
(20 g, 0.50 g atom), 500 ml of dry t-butanol and bromoform (151, 8g, 
0.60 mol), there was obtained 120 g (83, i) of l,l-dibrDmo-2- 
phenyi-2-methylcyclopropane, bp 69-71° at 0,02 mm. The IR and 
the usual qualitative tests showed the absence of olefinic double 
bond iii the ccmgxjund. 

Anal , for s Galcds C, 41,40? H, 3.45. 

Founds C, 41.72? H, 3.54. 
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Prepara'tion of 3--Phoi3.Yl-l/2--butadiene 

1.1- Dibxonio-2-pli3nyl-2-iaotnylcyclopropcine (37 g, 0,30 mol) 
was treated vath methyllithium prepared from .".Ithiam (8,4 g, 

1.2 g atom) .and methyl iodide (85.2 g, 0,60 mol) at -40 to -45^ 
to yield 24 g (Gl/i) of 3-phoiiyl-l,.2-b'atadiene/ bp 80-81^ at 

7 mm, 1.5868 {lit7^, bp 82^ at 11 mra) . The liC spectrum 

of the compound showed bands at 1940 and 050 cm"*^ characteristic 
of the allenic group. The purity of the allene was checlced by 
GLC. 

Dibydroboration-Oxidation (Mlcaline Hydrogen peroxide) of 

1, 2-Ct/clotridecadiene 

1. 2- Cyclotridecadiene (3.56 g, 0,02 mol) in 40 ml of dry 
tetrahydrofuran was tahen in a 500 ml three-nached flask equipped 
with a ^-fater condenser, pressure equilibrating dropping funnel, 

a lov7 temperature thermometer and an inlet and outlet for dry 
nitrogen gas. "rne flask was imiaersed in ice-salt bath and 34 ml 
of C. 8M borene (C.08 hydride) was added through the dropping 
funnel over e. period of 45 rain at 0-5°. It was allowed to stir 
for 2 hr at 0-10° and for 20 hr at room temperature. The 
reaction mixture v/as then carefully hydrolysed using 5 ml of 
vrat 'r vjhich gave 0.034 mol of unreacted hydride. Sodium 
hydroxide (1.2 g, 0,03 mol) dissolved in 6 ml of water was added 
to the irtLseture and allowed to stir for 15 min. During alkaline 
hydrolysis 80 ml of hydrogen was evolved. The mixture was 
subsequently oxidised using 20 ml of 30;a hydrogen peroxide. 
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extracted -with ether, washed -wifu water and dried over anhydrous 
magnesiura sulphate. Crude product (2.7 g) obtained after removal 
of the solvent shov^ed 6 spots on a silica gel coated plate with 
chlorofoxia-bensene (IsS). ’ihe material was chromatographed on 
a column xjrepared from a sl-urry of IGO g of basic alwaina in 
petroleum ether {sO-BO ^) . .Slution of the column mth petroleum 
ether (60-30'^) afforded O.IS g (5/») of a liquid product, GLG 
analysis of the lic]uicl product on a 10 ft carbowaac column indicated 
it to be a mixture of cis- cyclotridecene, trans- cyclotridecene 
and bicyclo (10, 1.0)tridecane in the I'atio (ls7 22). These three 
coraponcn'its wore sepaxrated by GLC and idontifisd by comparison 
of GhC retention times and lii. with authentic samples. 


Anal . for '-S-lcds 

^ i 

86.65; 

H, 

13.33 

Found i 

/-I 

06.56? 

H, 

13.44 


Further elution of the column with potroleiom ether (60-80°) 
yielded 0.06 g (1,5,^) of cyclotridecanonep2,4-dinitrophenyl- 
hydrazol.v.. of irhich had rap and mxed mp 114° (litf®, mp 113.5 to 
114.5°) o A solid, (1.00 g, 27/i) was -ebtained on eluting the coltaran 
with Isl mixture of petroleum ether -benzene, and this solid 
raaterial v/as identifiv^d as cyclotridecanol, mp 53-60°, phenyl 
urethano/ mp and mixed mp 84° (lit,*^ alcohol mp, 60-60.5°; phenyl 
urethane, mp 04-85°). Elution of the column with 1 j 3 mixture 
of petroleum ether- benzene gave 0,62 g (15)4) of trans- l , 2-cyclo- 
tridecane cliol, mp 79-80 (litt # mp 80-81 ), Finally, 0,60 g 
(14)4) of cis- 1 , 2-cr/clotridecane diol, mp 129-130° (lit^^. 
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mp 130-131*^) wis obtain-icl on eluting the coluiiin with ether. 
Authenticity of the isOineric diols vms established by comparison 
of IR spectra nivJl • mp with authentic saiuples. 


Anal , for ° Calcds 

f e r cis- C.i ol 3 Round s 


C, 72.89; H, 12.15. 
G> 72.05; H, 12.23. 


for trans-iiol ; Rounds C, 72.94; A# 12.00. 


Coluran was ultinately drained with methanol to obtain 0,15 g (3%) 
of a viscous oil which could not be crystallized at all. IR 
spectrum saowecl the presence of only alcoholic group. TLC showed 
two spots whose R^ values corresponded well with the diols 
obtained from. the hydroboration of 3-hydroxyclotridecene. On 
the basis of these facts, this product has been tentatively 
assigned as a mixture of isomeric l, 3 -cyclotrid‘ 3 cane diols. 


Dihydroboration-Hydrolysis-Oxidation (Alkaline Hydrogen Peroxide) 


of 1 , 2-~Cr^c lot ri dec adi eno 

1/ 2-Cyclotriieca,lieno (0.39 g, 0.005 moDwas hydroborated 


with 3 ml of 2.4i'l of lorano solution. Tne mixture of organobo— 

runes was allov^ad to suir with 20 ml of sodium hydroxide ( 0,8 g, 

o 

0.02 mol) solution at 30 for 24 hr, Tlie reaction mixture was 
then cooled to 0 ° and oxidized using 20 ml of 30% hydrcwgen 
peroxide. Tlie usual work-up procedure gave 70 mg (7%) of a 
17r03 mixture of cis- and trans-cyclotridecene and 0,56 g (60%) 
of cyclotridacanol. 



A solution of pyridine cort^lex of chromiiiia tricxide (CrO-) 

s 
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was obtained by adding chrominm t*icc:;d'i3 (1.00 g, 0,01 raol) to a 
magnetically stirred solution of pyridine (1,58 g, 0.02 mol) in 
25 ml of methylene Cichloride and the reaction mixture was allowed 
to stir for 15 min. Tlis solution was added to the organoboranes 
prepared from 1, 2-cyciotridacadiene (0,G9 g, 0,005 mol) in 10 ml 
of dry tetrahydrofuran and 3 ml of 2.4 ml borane solution and 
stirred for 2 hr. The usual isolation procedure gave 0,45 g 
(50;.) of a mixture of cis- cyclotridacene and trans- cyclotridecene 
in the ratio 15 sSS and 60 mg (Svi) of cyclotridecanone. 

D ihydz'oboration-Oxidation of 1/ 2-Cyclononadiene 

Following the general procedure described for the hydrobora- 

tion of 1,2-cyclotridecadiena, 1/2-cyclononadiena (1,84 g, 0.015 

raol) was hydroborated using 26 ml of 0,8M box'ane (0,02 mol of 

:->orane) solution. The usual worh-up afforded 1.22 g of crude 

proluct which on column chronoatographic separation provided 

0,012 g (C.6O/0) of t re.ns- cyc lononene , 6 mg { 0 . 3 %) of cyclononane 

(samicarbazone rap and mixture mp, 185°) 0,67 g (31%) of cyclo» 

nonanol (rap and roixturo rap of p-nitrobanzoate,'^ 82°), 0,25 g 

(11%) of cis-1 / 2 -c 7 Clononane diol (mp and mixture mp of bis-py 
30 o 

nitrobanzoato, 126-128 )^ 0,25 g (11%) of trans-1 , 2-cyclononane 
‘liol (ng5 and mixture mp of bis-p-nitrobenzoate,^® 176°) and 20 mg 
(l,5?i) of trans- l ^ 3-cyclononane diol (it^ and mixture mp of 
bis-p-nitrobenzoate , 104-106°). 


Juial, for ^23*'^24^'^2°8 * Oalcd* 60.50/ 5.20/ 11/ 6.14.. 

Pounds C, 60,30; H/ 5.50; II, 5.96. 
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Dihydroboration-Oxidation of 3~3tliyl-.l/2-pentadiene 

Following . the general procedure for dihydrohoration, 

3-ethyl-l/ 2-pentadiene (1,5 'g, 0,016 raol) was hydroborated with 

9 ml of 2,4M bo rane .solution in totrahy.lrofuran. The crude 

product (1,0 g) obtained after usueil oixidation and work-up was 

chromatographed ozi basic alumina to got 0.14 g (7/4) of 3-ethyl- 
31 

2- pentanol and 0,31 g (40%) of 3-3thyl-l/ 2-pontane diol. 

The IH, spectruiTi of 3-ethyl-2-pentanol showed absorptions 
-1 

at 3500 and 1035 cm due to hydroxyl group. Its ll*iR spectrum 
had bands at ^3.9 (m, HI) hydroxyl bearing methine/ and 
0.9-1, 5 (m, 1511). 

Anal , for Calcds C, 72.41? H, 13,80, 

Founds C, 72.13; H, 13.57. 

3-i;thyl-l/ 2-pentane diol exhibited Ixi bands due to 
hydroxyl, and displayed I'l-iR bands at 3, 5-3. 9 (m, 3H) hydroxyl 
bearing methine and methylene, 3.6 (bs, 2K) hydroxyl and 1,0-1. 4 
(m, IIH) rest of the T^rotons. 

Anal , for 63.63? H, 12,12. 

Founds C, 63.32? H, 12.01, 

I>ihydrobc;ration-Qxidation of 3-ghenvl-l,2-butadione 

The organoboranes prepared from dihydroboration of 

3- pheny 1-1, 2-butadiene (1,95 g, 0,015 mol) and 12 ml of 2,4M 
borane solution in tetrahydrofuran on oxidation with alkaline 
hydrogen peroxide gave 1.5 g of crude product. The colximn 
chrcanatographic separation of the crude product on basic alumina 
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afforded 0.24 g {ll>a) of 3-pheny 1-2-butanol/ 0.16 g {7>i) of 
S-phenyl-l-butanol/'*^ 0.2 g (S/S) of S-phenyl-l, 3-butane dj.ol^^ 
and 0.9 g (eOyi) of S-phenyl-l/ 2-butane diol. 

The purity of each product was checked by TLC, and their 
lii spectra indicated characteristic absorption bands for hydroaiyl 
group. 

The iS'iR spectrum of 3-pheny 1-2-butanol displayed bands 
at 5 7 .?(s/ 5H) aromatic, 3.8 (q, J = 6 Kz, IH) hydroxyl bearing 
methine proton, 2.82 (q, J = 7 Hz, IH) benzilic proton 1.75 (s,lH) 
hydroxyl, 1.3 (d, J = 7 Hz, 3H) methyl and 1.0 (d, J = 6 Hz, 3H) 
methyl protons, 

I 

The compound on oxidation gave 3-phenyl- 2-butanone which 
was identical in all respects with an authentic saiaple.^^ 

Anal , for ^10^14^’ Calcdi C, 30.00? H, 9.33, 

Founds C, 00.20? H, 9.09. 

The M® spectrum 3-pheiiy 1-1- butanol showed signals at S 
7.5 (s, 5H) aromatic, 3.5 (t, J = G Hz, 2H) hydroxyl bearing 
metl^ylene, 2. ''2 (q, J = 7 Hz, IH) benzylic, 1,84 (t, J = c Hz, 2H) 
methylene, 1.75 (bs, IH) hydroxyl, and 1.35 (d, J = 7 Hz, 3H) 
methyl protons. 

Anal , for C^qH^^Os CaJLcds C, 80,00? H, '9,33. 

Founds C, 80.12? H, 9.18. 

The iS® spectrum of 3-phenyl— 1,3-butane diol exhibited 
signals at ^ 7.45 (s, 5H) aromatic, 4.35 (bs, IH) hydroxyl. 



129 


3.50 (m, 2H) mctliylena/ 3,2 (bs, IH) hydrojsyl and 1,5 {s, 2r.) 
Lisvliyl protons. 

Anal , for 72,29? H/ 8,43, 

Founds C, 71.90? 11, a. 40. 

The lliil spectrum of 3-phcny 1-1, 2-butane diol had signals 
at g 7.3 (s, 5K) aromatic, 3. 5-4.0 (bs, 2H) hydroxyl, 3.65 (m, IH) 
bsnzylic, 3,3 (ra, 2H) hydroxyl bearing methylene, 2.63 (m, IH) 
hydroxyl bearing methine and 1.3 (d, J = 7 :iz, 3H) methyl protons. 

Anal, for 72,29? H, 8,43. 

Founds C, 71.98? H, 8.35. 

Dihvdroboration-Oxidation of Phenylpropadiene 

The procedure described for dihydroboration-oxidation of 

1, 2-cyclotrldQcadione was followed. From phenylpropadiene 

(1.16 g, 0.01 mol) and 0,01 mol of 2M borane, there was obtained 

35 mg (2.5‘^) of 1-phenyl-l-propanol,^^ 0.1 g (7,55^) of 1-phenyl-. 

2-propanol, 80 mg (5/4) of 3-phenyl-l-propanol^^ and 0.42 g (385o) 

33 

of 1-pheny 1-1, 3-propane diol after oxidation and wor3c-up 
procedure. The products were identified by ccanparison of GK: 
retention times and la spectra with those of authentic samples. 
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CHAPTER IV 


SYNTHESIS AND PROTONOLYSIS . 

OF SOME ALLYL ORGANOBORftNES^ 

IV. 1 ABSTRACT 

Allyl organoboranes have been synthesized in situ by 
monohydroboration of monosubs tituted and 1,1-disubstituted 
allenes (1, i-octadiene, 3-ethyl-l,2-pentadiene, phenylpropa- 
diene and 3-phenyl-l,2-butadiQne) with disianylborane. It has 
been shown that these allyl organoboranes undergo allylic 
rearrangement during protonolysis to form terminal olefins. 

The formation of the terxninal olefin is visualized through a 
six-^»erabered cyclic transition state involving hydroxyl coyg^ 
of tjte carboxylic acid. The procedure finds use in the synthe- 
sis of terminal olefins. 
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IV. 2 IHTRODUCTIOK 

The organoboranes are relatively stable to aqueous acids 

and bases, but they undergo protonolysis by carbossylic acids 

with surprising ease. Consequently, the combined hydroboration- 

protonolysis offers a convenient noncatalytic route for the 

2 3 

hydrogenation of carbon-carbon double bonds ' (Scheme 1). 

Scheme 1 

CH.COOH 

R-CH=CH2 > R-CH2-CK2-®C ^ R-CH2-CHj 


A detailed study of the action of carboxylic acids on 
trial3:yl organoboranes has irevealed that two of the three groups 
can be removed by excess of anhydrous acid at room temperature, 
and all three groups can generally be removed by refluxing the 
organoborane in diglyme solution with a moderate excess of 
propionic acid for 2 to 3 hours. 

Among the structural variations in the trialJ^ylboranes 
with respect to the action of carboxylic acids it has been 
demonstrated that a secondary alhyl group undergoes protonolysis 
less readily than primary. Consequently, in hydrogenating 
internal olefins containing bullqr groups it is preferable that 
the boron atom be transferred to the terminal position ly heat- 
ing under reflux prior to the addition of acid. The procedure 
has also been applied for the hydrogenation of olefins containing 
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active sulfur^ chlorine and nitrogen substituents. Allylmethyl- 
sulfide has readily been converted by hydroboration-protonolysis 

3 

to n.-propylmethylsulfide in good yield. The reaction proceeds 
■with retention in configuration. Thus, tri- exo-no rbo my Iborane 

4 

undergoes dauterolysis to yield exo -deuteronorbomane (Scheme 2). 



Further, the hydroboration-protonolysis reaction occurs in a 

4 

CIS manner involving the less hindered side of the double bond. 

Vinyl organoboranes, readily available through monohydro- 
boration of acetylenes undergo protonolysis much more readily 
at room temperature and the reaction provides a convenient 

5—7 

means of converting acetylene into cis olefin of high purity 
(Scheme 3) . 

Scheme 3 



R H 



R H 

CHgCOOH ^ 


C . 
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It has been shov/n that monohydrobo ration of cyclic 
allenes with disiamylborane {Sia 2 BH) results in the attack of 
boron primarily at the central carbon atom of the allenic 
linkage to yield vinylborane predominantly.®^^ The protonoly- 
sis of the intermediate organoboranes has been achieved to 
provide cyclic olefins (Scheme 4) . 

Scheme 4 



cis 74/i trans 26% 

The unique effectiveness of carboxylic acids must be due 
to the structure of carboxylic acid group. The trialkyl organo- 
borane is capable of coordinating at the oxygen of the carbonyl 
group, placing boron-carbon bond in ^sition for an intramole- 
cular attack by the proton. The increasing difficulty r-t each 
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corresponding olefins 


13 


(Scheme 7 ) . 


Scheme 7 







The results with nranol^droboration-oxidation of represen- 
tative mono- and 1 , 1-disubstituted acyclic allenes suggest that 
the attack of boron is primarily at the it^tliylene carbon atom 

of the allenic linkage to yield allyl organoboranes ^dien 

14 

disian^lborane is used as the lydrobo rating agent. The 
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observed selectivity could solely be dictated Iry the steric 
requirement of the allene in the ’/ell knowr;. tra.T\.Sition state 
for hydrorooration iDostulated Browi^^ (Scheriie 8). 3o it became 


Scheme 8 



PJJi o o o 


'H 



‘ -Sia 

. 

^Sia 


desirable to explore the behaviour of allylic organoboranes 
towards carboxylic acids. In view of this, 1, 2-octadiene, 
3-etfyl-l,2-pentadiene/ phenylpropadiene, and 3-pheny 1-1,2- 
butadiene were synthesized and subjected to hydrobo ration with 
disiainylborane followed by protonolysis. The advantage of using 
disiamylborane is two-fold, firstly, it leads to the formation 
of 3-substituted and 3 /3-di substituted allylic organoboranes 
as major products. Secondly, it would enable one to compare 
the reactivity of the all^yl group with t’nat of an allyl group 
attached to the same boron, and thereby observe allylic rearrange- 
ment, if any, during the reaction with acetic acid, 

IV. 3 RESULTS AND DlSCUSSia^ 

All allenes were synthesized by the best route available 
to-date which involves two-step sequence starting from an olefin. 
In this two-step sequence, the first step is the addition of 
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dibromocarbene to an olefin and second step is the reaction of 

the resulting 1 , l-dibroraocyclopropane derivative with methyl- 

o 16,17 

lithivim in ether at -40 to -45 to obtain allene in good yield. 

The acyclic allenes, 1, 2-octadiene (1), 3-ethyl-l,2-pentadiene (2), 

phenylpropadiene (3) and 3 -phenyl- 1, 2-butadiene (4) used in the 

present investigation were prepared by the above method {Sch®ne 9). 


Scheme 9 






Br 


Br 





^ ~ ^ ^ ^4 ^ — 

= R, • = C2I-I5 ? Rj = = H 2 

^1 = = ''4 = ^ 

^1 = ^6^%* ^ = V ^ 


CH-Li 

— ^ C=C=C 





The identity of cyclopropane derivatives prepared from 
the corresponding olefins was thoroughly established by analy- 
tical and physical data. Allenes syntliesized from the dibrorao- 
compounds showed characteristic absorptions in IR at 1950 and 
850 cm“^ due to antisyronetrical ^C=C=C^ stretching vibration 

and torsional motion of an allenic terminal methylene 
18 

respectively. The purity of tte allenes was checked by 

GLC on a carbowax column aid 'iha. ^•i.Oi)erties observed agreed with 

those reported in the literature. 
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Disiamylborane (Sia 2 BH) was prepared the hydrobora- 

tion of 2-niethYl- 2-butene under a static pressure of dry 
19 

nitrogen. A solution of appropriate allene in diglyme was 
added to the above solution within 5 min. The mixture was 
allowed to attain room temperature (approx. 3 hr) . The resulting 
organoboranes were treated with glacial acetic acid at room tempe- 
rature or 80° for 24 hr and worked-up in the usual manner to 
obtain olefinic product (s) in each case.^ 

The hydroboration-protonolysis of 1 / 2-octadiene (1) at 
room temperature afforded an olefinic mixture in 38% yield. 

The composition of the olefinic mixture as established hy GLC 
on a 15 ft propylene glycol-silver nitrate column was 82% 
1-octene (5) / 8% cis -2-octene (6) and 10% t raps - 2-oct ene (_7) 
(Scheme 10) . The protonolysis of the intermediate organoboranes 


n-Cg ^-CH=C =Cii2 



Scheme 


^ 

Sia^BIT 

- N. 

AcOH 

y 

X , t , 


24 hr 




(82%) 

5 




6 


H' 




C=C( 




( 8 %) 


( 10 %) 


from 1 , 2-octadiene (1.) at 80° for 24 hr gave the same olefinic 
mixture in somewhat better yield (65%) . The protonolysis of 
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the organoboranes from 3-ethyl-l, 2-pentadiene (2) gave an 
olefinic mixture (20%) of 2% 3-ethyl-2-pentene (8) and 98% 
S-ethyl-l-pentene (9) (Scheme 11). Phenylpropadiene (3) was 
hydroho rated with disiatnylborane and protonated with acetic 
acid at room temperature to give an olefinic mixture of allylben- 
zene (10) and cis-propenylbenzene (11) in the ratio 91 s9 
(Scheme 12) , The GLC analysis of the mixture was done on a 


Scheme 11 


^2^ 

CjHj/ 


C=C=CH2 

Z 


Sia2BH 

> 

^OH 


r.t. 

'V 

24 hr 



(C2Hg)2C=CB-CI^ 

8 


(C2H3)2CH-CH=CH2 



(2%) 

(98%) 


Scheme 12 


CgH5-CH=C=CH, 

3 


3ia23H 

^ 

I^Oll 


r.t. 


24 hr 




CgH^-CH=CH2 

10 




(91%) 


(9%) 


10 ft carbowax column. Protonolysis at 80° for 2 hr provided 
in 28% yield an olefinic mixture^ vdiich showed the presence of 
8% n-propylbenzene (12 ) , 8% allylbenzene (10 ) , 74% cis-propenyl- 
benzene (jJL) and 10% trans-propenylbenzene (13) (Scheme 13). 
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Scheme 13 


6 5 



C6H5-CH2-CH2-CI^ (8”/») 
"l2 


C6l%-CH2-CH=CH2 

10 

c_c 

H ^ ' H 

il 

=6^ / 

13 


H 

CH 3 


( 8 %) 


(74%) 


( 10 %) 


The product (27%) obtained from the hydax»boration-proto- 
nolysis of 3 -phsnyl-1, 2-butadiene (4) was found to be single* 
Spectral analyses (Xi>. and KliR) of the product showed it to be 

(14 ) (Scheme 14) , The hydro bo ration of 
3 -phenyl- 1, 2-butadiene (4) followed the treatment with 
deuterated acetic acid yielded 3-phenyl-3-DL-l-butene (15) 
(Scheme 14) . There was not much improvement in the yield when 
it was carried out at 80°. 


Scheme 14 


AcOH 


’6«5\ 

C=C=CH2 


Sia^BH 




CH-CH=CHL 

14 


-> ^CI>-CH=CH2 

15 


AC03 
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Scheme 13 


CgHg-.CH=C=CH^ 


Sia^BH 


AcOH 

ao° 

2 hr 


CgHg-CH,-CH2-CI^ (8P/o) 
^12 


CgI3^-CH2-CH=CH, 

10 




/CI^ 


/ \ 

H ^ H 


11 


/ 

13 


H 


CI^ 


(74%) 


( 10 %) 


The product (27%) obtained from the hydjrobo ration-proto- 
nolysis of 3 -phenyl-1, 2-butadiene (4) was found to be single* 
Spectral analyses (Ik and KliR) of the product showed it to be 
3 -phenyl- 1-butene (14) (Scheme 14) . The hydroboration of 
3 -phenyl- 1, 2-butadiene (4) followed the treatment with 
deuterated acetic acid yielded 3-phenyl-3-I>-l-butene (15) 
(Scheme 14) . There v/as not much improvement in the yield when 
it was carried out at 80*^, 


Scheme 14 


AcOH 




H 3 C 


\ 

C=C=CH, 
/ ^ 


Sia^BH 


4 


,CH-C 
H 3 C 2A 


^CH-CH=CH2 






H 3 C 


CD-CH=CH^ 
/ ^ 


AcOD 


15 




Figure BT. 1 NMR spectrum of 3-phcnyl-3-D-1 
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The identity of all the products was established 1^ 
comparison of GLC retention times and IR spectra with those of 
authentic sample, VTherever necessary^ HMR spectra were also ’ 
used in the characterization of the products. 

The results are summarized in Table 1, A general scheme 
for the monohydroboration-protonolysis of acyclic allenes studies 
is represented in Scheme 15. . 


Scheme 15 


\ Sia^BH \ 

^C=C=CSJ2 > ^C=CH-CH2-BSia2 


CH-COOH \ 

> ;CH-CH=CH2 


Table 1 


Allene 

Product Composition 

Yield (%) 

1 , 2-Octe.diene 

1-Octane (82'/4) 



cis-2-Octene (G/o) 

38 


t rans- 2-OctGne (IG'/O 


3 -Ethyl- 1 , 2-pent a- 
diene 

3-Efh^i^l-l-pentene (93%) 

3-Ethyl-2-psn.tene (2%) 

20 

Phenylpropadiene 

Mlylbenzene (91%) 

cis-prooenylbenzene (9%) 

25 

3-Phenyl-l / 2-buta- 
diene 

3-?henyl-l-butsne (100%) 

27 


* Protonoiysis carried our at r.t. 
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The results given in Table 1 suggest that the protono- 
lysis of the initially formed allyl organoboranes proceeds with 
rearrangement, “ ““ The fact that 3-phenyl-3-I>-l-butene (15 ) 
is formed during the reaction of the orgauioborane from 3-pheriyl- 
1 , 2-butadiene (4) with deuterated acetic acid confirms the 
allylic rearrangement during protonolysis. The other possible 
route for the formation of the terminal olefin is by the protono- 
lysis of the vinylic organotaorane obtained by the electrophilic 
attack of the boron at the central carbon atom of the allene via 
the four centered transition state as shown in Scheme 16. The 
fact that no 3 -phenyl- 1-D- 1-butene could be traced NMR from 
monohydrobo ration-protonolysis of 3-pheny 1-1, 2-butadiene (4), 
excludes this possibility in the case of 1, 1-di substituted 
alienes (2 and 4) . However, our results do not exclude this 
path for the formation of a small amount of terminal olefin- in 
the case of 1 , 2-octadiene (1) or phenylpropadiene (^) . 



The formation of internal olefins as minor products in 
the case of mono substituted alienes (1. and 3) in particular may 
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arise from either protonolysis of the vinylic organoborane 
obtained hv addition of^B-H to the terminal double bond of 


the allene via the four centered transition state (Scheme 17) 
and/or pixjtonolysis of allyl organdborane without rearrangement. 


Scheme 17 



The yield of the product increases on carrying out the 
reaction at 80°. However, an attempt to increase the yield in 
the case of phenylpropadiene (3) by carrying out the protono- 
lysis at 80° for 2 hr resulted in the formation of 8% n-propyl- 
benzene (12 ) , B'A allylbenzene (10) , 14c% cis-propenylbenzene (11 ) 
and 10% trans -propenylbenzene (13 ) (Scheme 13). These results 
suggest that the isomerization of the initially formed allyl 
organoborane to vinyl orgmioborane ha,s occurred prior to proto- 
nolysis. In the light of this we feel that the ready isomeri- 
sation of the allyl organoborane from phenylpropadiene (3) may 
be attributed to the favourable four-membered transition state 
for the formation of vinyl organoborane after elimination 
process based on electronic as wall as sterlc factors. The 
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formation of cis -propenylbenzene (11 ) as the major product 
after protonolysis indicates that the disiamylborane approaches 
phenylpropadiene (4) from the least hindered hydrogen side as 
shown in the Scheme 13. 



The formation of terminal olefins during the protonolysis 

of the various allyl organoboranes can.be visualized through a 

six-membered cyclic transition state involving hydroxyl oxygen 

?3 ■ 

of the carboxot^’dic acid, ' However, the eight-membered cyclic 

transition state which involves carbonyl ojcygen or the non- 

cyclic S^2' process similar to one proposed for allylic 

Grignard reagent cannot be ruled out at present, but is less 

likely^^ (Scheme 19) . The yields of the products are not 

improved by the addition of a base like sodium acetate in a 

buffer, Tliis observation suggests that Sg2^ process is less 

lilr.ely. The low yields of the olefins may be due to competi- 

2 

tive protonolysis of the alkyl group versus allyl group. Our 
results do not permit us to comment on the comparative reactivity 
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of the substituted allyl group and siamyl group during 


Scheme 19 
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protonolysis as the amount of isopentane formed has not been 
detected. The slow reactivity of allyl organoboranes as compared 
to vinyl organoboranes toward protonolysis may be due to the 
less basic oxygen function involved in a six-membered transition 
state in the case of allyl organoborane (Scheme 20) . 
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Very recently similar allylic rearrangement has been 
described by Bro-wn and Nambu^^ in the reaction of triethyl- 
borane (18) v/ith ethyl- 4-bromocrotonate (jU) in presence of . 
potassium 2,6-di-t-butylphenoxide (16). The formation of the 
isomeric ethyl 3-hexenoate ( 20 ) instead of the anticipated 
ethyl 2-hexenoate results from an allylic migration of the 
double bond. The unusual migration of the double bond observed 
in this reaction presumably takes place during the protonolysis 
of the intermediate organoborane (19) as indicated in Scheme 21. 


Scheme 21 
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ROH = 2 , 6-di-t-butylphenol 
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22 

Further Zweifel and others have also noted the migration of 
the double bond :iuring the protono lysis-oxidation of the bora- 
cyclopentene (2^) (Scheme 22). It should be noted that the 

Scheme 22 
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double bond migrates exclusively in one direction. 

TV. 4 EXPERIMENTAL 

Boiling points are uncorracted. All infrared (IR) spectra 
were recorded on a Perlcin-Elmer IfodelVOO spectrophotometer as 
thin films between sodiiam chloride plates. Nuclear magnetic 
resonance (NMR) spectra were tal'en on a Varian Ar-60 spectrometer 
in deuterated chloroform v/ith TMS as the internal standard. Gas 
liquid chromatographic (GLC) analyses were done with Aerograph 
Model 90-P instrument using 5 or 10 or 15 ft 1/4 inch 
colimn. The following liquid phases were employed (percentage 
by weight on 60/80 mesh chromosorb W) s 15% ce.rbow’ax 20 M, 
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15% carbowax, 20M-silver nitrate, 15% propylene glycol-silver 
nitrate and 15% ucon. 

Starting Materials 

Diglyme (Ansul Co, ) was kept over calciiam hydride for 
24 hr, decanted and distilled from slight excess of lithium 
aluminium hydride under reduced pressure. Boron trifluorlde 
ethyl etherate (Eastman) was treated with a small quantity of 
dry diethyl ether (to ensure an excess of this component) and 
distilled under reduced pressure over calcium hydride. Sodium 
borohydride from Ifetal Hydrides Inc. was used. 2-Methyl-2-butene 
(Aldrich Co.) was used for the preiparation of disiamylborane. 
1-Heptene (Aldrich Co.), 2-ethyl- 1-butene (Aldrich Co.), 
styrene (BDH) , o{p-methyl styrene (BDH) and glacial acetic acid 
(BDH) were used as such, Deuterated acetic acid was prepared 
from acetic anhydride and deuterated water. 

The all ones other than 1 , 2~octadiene used in the present 
investigation v/ere prepared by the procedure described earlier 
in Chapter III, 4, 

Preparation of 1, l-D ib romo-2 -n- pentvlcvclopropane 

Follox^^ing the general procedure described aliready in 
Chapter I* 4,from 1-heptene (24.5 g, 0.25 mol), potassium 
(8 g, 0.20 g atom), 250 ml of dry t-butanol and bromoforra 
(50,6 g, 0.20 mol), there was obtained 35 g (65%) of 1,1-di- 
bromo-2-n-pentylcyclopropane, bp 64^ at 0.07 mm. 
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The purit 3 f of the sample was confirmed GLC„ The 
IR spectmm showed the absence of olefinic bond. The compound 
was saturated to bromine and neutral potassium permanganate. 

Preparation of 1 , 2-Octadiene 

The treatment of methyllithium prepared from lithium 
(2,8 g, 0,40 g atom) and methyl iodide (28,0 g, 0,20 mol) with 
1/ l-dibromo-.2-pentylcyclopropane (27,0 g, 0.10 mol) in dry ether 
provided 8,8 g . (80%) of 1^2-octadiene, bp 65° at 60 1.4336 

(lit^*^ bp 130° at 756 mm, n^^ 1,4340). 

The GLC analysis on a carbowax- silver nitrate column 
indicated it to be single substance. The compoiand possessed 
IR absorption bands at 1957 and 853 cm""^ characteristic of 
allenic group. 

Monohydrobo ration- Protono lysis of 1 , 2-Octa.diene ' 

Pulvoriz;ed sodium borohydride (1.06 g, 0.028 mol), 
2-methyl-2-butana (4-, 9 g, 0.07 mol) and dry diglyme (28 ml) were 
placed in a 250 ral threG-iisG':3ci flask fitted with a condenser, 
an effailibrating drooping funnel, a thermomater and an inlet 
and an outlet for dry nitrogen gas. I^drobo ration was carried 
out by adding boron trifluoride etherate (6.2 g, 0.04 mol, 10% 
excess) in diglyme (10 ml) at -5 to 0° over a period of 30 min. 
Throughout the reaction a static pressure of nitrogen gas was 
maintained. After allowing the reaction mixture to stand at 
0° for 1 hr, 1,2-octadieno (3,85 g, 0.035 mol) vras added within 
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5 min. The mixture was left for 3 hr to attain room tempera- 
ture. Glccicil acetic acid (10 ml) was added to the mixture 
and it was stirred at room temperature for 24 hr. The mixture 
was poured into icfe-cold water, extracted with pentane, washed 
with water until neutral and dried over anhydrous magnesium 
sulphate. Distillation of the residue after removal of the 
solvent afforded 1.5 g (38^4) of olefinic mixture with a 
bp 121-122*^ at 754 mm. GIjC analysis on a 15 ft propylene 
glycol-silver nitrate column indicated the presence of 82% 
1-octene, 8% cls -2-octene and 10% t rans -2-octene . The identity 
of the products was established by comparison of GLC retention 
times and IR spectra with those of the authentic samples. The 
protonolysis of the organoborane at 80° for 24 hr improved the 
yield ( 65%) . However, the distribution of the pioducts >ras 
essentially tTie same. 

25 

Monohydrobora tion-Protonolysis of 3-Bthyl-l/2-psntadlene 

The procedure described for monohydrobo ration-protonoly- 
sis of 1 , 2-octadiQnG was followed without any change. Prom 
3 -ethyl-1, 2-pentadiene (2,4 g, 0,025 mol), sodium borohydride 
(0.76 g,0.02 mol), 2-methyl-2-butene (3.5 g, 0.05 mol) and boron 
trifluoride etherate (3.9 g, 0,027 mol), there was obtained 
0.43 g ( 20%) of 3. mixture of olefins, bp 104-108° (bath 
temperature) at 754 mm. GLC analysis of the mixture on a 
15 ft propylene glycol-silver nitrate coltimn showed 98?^ 

3-ethyl-l-pentene and 2% 3-sthyl-2-pentene. Only 3-et1:^l-l- 
28 

pentene v/as separated by GLC and identified by comparison 
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of IR and NMR spectra 'with that of an a^ithentic sample. The 
minor product was identified by comparison of GLC retention 
times with an authentic sample. 

Monohvdroboration-Protonolvsis ■ of Phenylpronadiene 

The organoboranes obtained from phenylpropadiene 
(2.3g/0.02 mol)/ sodium borohydride (0.57 g, 0,015 mol ) / 2-methyl- 
2-butene (2,8 g, 0,04 mol) and boron trifluoride etherate 
(3,10 g, 0.02 mol) on treatment with glacial acetic acid (10 ml) 
at room temperature for 24 hr afforded 0,6 g (255^) of a mixture 
of olefins, bp 75-80^ (bath temperature) at 40 mm. The mixture 
contained 91% allylbenzene and 9% cis-propenylbenzene as analysed 
by GLC on a 10 ft carbowax column. The products were identi- 
fied by comparison of their GLC retention times and.IR spectra 
with those of authentic samples, 

Protcnolysis at 30*^ for 2 hr provided in 23% yield an 
olefinic mixture which showed, the presence of n-propylbenzene 
(8%) / allylbenzene (8%) , c_is-propenylbGnzene (74%) and trans - 
propenylbenzone ^ (10%) , 

27 

Monohvd robo rat ion-? rot onol vs is o f 3 - Phenyl- 1 , 2-butadiene 

-Following the procedure described for 1, 2-octadiene/ 
from 3 -phenyl -1,2-butadiene (2.6 g, 0,02 mol), sodium borohy- 
dride (0,57 g, 0.15 mol), 2-methyl- 2-butene (2,8 g, 0.04 mol) 
and boron trifluoride etherate (3,12 g, 0,022 mol, 10% excess), 
was obtained 0.71 g (27%) of 3-phenyl- 1-butene, bp 66-70° 
at 13 ram. GLC analysis indicated to be a single component. 
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IR and HMR spectra were identical with those of an authentic 
sample. IR spectrum had tv70 bands at 990 and 920 cm“^ charac- 
teristic of a. monosubstituted olefin. MMR spectrum possessed 
bands at ^7,15 (s, 5K) aromatic protons/ 5.93 (m^ IH) olefinic 
proton/ 5.0 (m, 2H) terminal olefinic protons / 3.40 {m, IH) 
benzylic and 1,30 (d/ 3H/ J =8.5 Bz) methyl protons. 

The organoborane obtained from 3 -phenyl- 1/ 2-butadiene/ 
when treated with deuterated acetic acid (from acetic anhydride 
and deuterated water) afforded 3 -pheny 1-3 -D- 1-butene in 25% yield. 
IR spectrum showed absorptions at 990 and 920 cm"^ characteris- 
tic of a monosubstituted olefin. NliR spectrum had bands at 
^7.15 (s/ 5H) aromatic protons / 5.98 (dd/ 1-7 raid 3 Bz. 

IK) olefinic .rotou/ 5,0 (ui/ 211) terr.dnal olefirdc ^irotons and 
1.3G (c/ 3H) methyl protons. 
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CHAPTER V, 

SYmiESIS AIID i<EACTIOK OF DISIAi-IFL- 

O-mEiY’L-a-BUTEIffDSOivAHa rpSPEBj 

tfITH JiLDSHYDES Ai-ID ICSTOESS 

V. I ABSTRACT 

A substituted allyl organoborane, disiarryl (3-phenyl-2- 
butenyDborane J^DSPB]0 has been synthesized in situ by monohydro- 
bo ration of S-phenyl-l/ 2-butadiene with disiait^lborane. The 
jSPBB undergoes ready reaction v/ith butyraldehyde/ benz aldehyde,, 
acrolein and acetone to giva^ , / -unsaturated alcohols whose 
structures have been confirmed by elemental analysis, Ii:i and 
114R. Various experimental evidences suggest that the formation 
of the unsaturated alcohols can best be visualized through a 
six-membered cyclic transition state rather than a non-cyclic 
S„2'^ process. Thus, the reaction of DSPBB with aldehydes and 
ketones could be used in a convenient synthesis of substituted 
^ tY -unsaturated sec- and tert- alcohols vdiich in turn could be 
dehydrated to raalce substituted 1,4-dienes. 
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V.2 INTRODUCTION 

Organoboranes are reactive intermediates involved in 
many new organic synthesis. The majority of such reactions 
apparently arises from the fact that organoboranes exhibit a 
strong tendency to share an electron pair with a nucleophile. 

The coordination greatly increases the carbanion-lihe character 
of all'^yl groups and therebj.^ facilitates reactions in which an 
all^l group is transferred with its electron-pair to the near-ly 
positive atom (Scheme 1) . 

Scheme 1 


RjB + X- 


R,3-:C-Y 


R^B-X-R + 



R2B-^-Y 

R 


^hth carbanion as n’-cloophile/ it is possible to homologate the 
alley 1 grouiD{s) of the triallyl organoborane. 

The reaction of carbon monoxide with tri alley Iborane to 

yield trial’^ylcarbinols ^ R^COK) has been studied by 

1 2 3 

liillman/ and particularly by Brown and his colleagues ' 

have vividly summarized the unique potentialities of these 

reactions involving three migrations from boron to carbon. 


who 
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Ho-wever/ fairly drastic conditions are required, and very 
recently the Purdue School has shown that the potassixim triethyl 
carboxide-induced reaction of tri-n~butylborane vdth chlorodi- 
fluorometliane followed by oxidation gives a high yield of trl-n- 
butylxnethcinol , ^ Chloroform was also used to give a lower but 
very acceptable yield. Sodium cyanide as one carbon source and 
triallcylcyanobo rates as intermediates have also been shown to 
give Mgh yields of ketones and carbinols * (Scheme 2). 


Scheme 2 
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The reaction can be controlled at different stages to give 

3 6 

aldehyde, ketone, primary or secondary alcohols'^' 


(Scheme 3). 
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Scheme 3 
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Thus, the reaction of organoboranes with carbon monoxide 
in the presence of lithium triail^ylalumiEiiiim hydride provides a 
convenient method for a one- carbon homologation. Similarly, 
two-carbon homologation has been achieved by the reaction of 

organoboranes with ethyl bromoacetats under the influence of a 

7—10 11 12 

base, with ethyl diazoacetate or with other acetic 

acid derivatives, hetones and aldehydes (Scheme 4). 

Scheme 4 
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The reaction of organoboranes with acrolein andQ^bromo-* 
acrolein provides a sirmole 3-carbon homologation. ’’ Infact, 
a wide variety of substitizbed aldehydes and leetones are conve- 
niently synthesized by the reaction of organoboranes with 
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c(. -unsaturated ketones and aldehydes (Scheme 5). 


Scheme 5 


+ CH2=CH-C0-CF^ ■¥ R-CH^-CH^-CO-CE^ + R^BOH 

S^B + CR^-CE-CEO + ^ R-CH^-CH^-CHO + R,BOH 

R^B + Ca^=C-CHO + H 2 O 

' ci% 



R^B + CH2=C-CH0 + H 2 O 
Br 








The ^presence of 5 mol % of galvinoxyl was shown to 
inhibit completely the othervd.se fast reactions of organohoranes 
with aerolein and related zp -unsaturated ketones. Conse- 
quently the involvement of a free-radical chain mechanism was 
proposed for the facile 1,4— addition reactions. The -unsatu- 
rated ketones v/ith one or more al’wl substitiients in the terminal 
group fail to react with triallr^lborane under the usual condi- 
tions, However, the addition of triall<yltiorana to these 

-unsaturated aldehydes and ll^tones has readily been achieved 
by the addition of catalytic quantities of diacyi peroxides. 
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oxygen or by photochemical activation ' (Scheme 6), 

Scheme 6 

Gat,0, or fl jj 
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A four-carbon atom homologation has been carried out by 


the reaction of organoboranes \d.th ethyl 4-broraocrotonate under 

20 

the influence of 2/6-di-t-butylphsnoxide? another exaraple of 


the versatility of synthetic procedure based on organoborane 
chemistry (Scheme 7). 

Scheme 7 
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I! 

Br-CH,-CH=CH-C-OC,Hr 
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li 

-> R-CH,-CH=CH-C-0G2H3 


Saturated hetonas, aldehydes, alcohols and water are not 
known to cleave carbon-boron bond of the triaHrylboranes. 
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A triallylborane is much more reactive as compared to trlallcyl- 

21’^2 

borane, and a facile reaction is feasible with water/ alcohols/ 

aldehydes quinonas,^'^"^^ acetylene /^^'^^ nitrlles,^^ acti- 

29 *50 

vated olefins and cyclopropenes. An equimolar mixture of 
triallylborane and < 9 ^ //? -unsaturated aldehydes ind^her gives 
65-70% of. ji , y -unsaturated alcohols, Tricrotylborane in hexane 
with dry formaldehyde o,<i cooling gave 15v4 of the product 
derived from the allylic rearrangement.^^ Hydrolysis of the 
reaction mixture gave 3-penten -l-ol and 2-methyl-3-buten.v,-l-ol 
(Scheme 8) , 

Scheme 8 
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A variety of products is derived from the reaction of .allyl- 

boron compound with beiizo- and naphthoquinones depending upon 

2^ 25 

the conditions and reactants used 


(Scheme 9) 



Scheme 9 
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CH2=CH-CH2-B (0 
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Tihe reactions follow a path which involves the initial attacl" 
of the allyl moiety at the carbon of caifoonyl followed by 
rearrangement . 

The reaction with acetylene proceeds in three- stages?^ 
The first stage is the rliylboration of the triple bond of acety- 
lenic compound (R— C3C^H)wi'iich results in diallyl(2—n—butyl—l/4— 
pentadienyl)borane. This undergoes gradual cyclization via 
allyl rearrangement to give 3-al^'y'l-l,5-diQllyl-l-bora-2-cyclo- 
hexene. The final stage is the tlienaal isomerization of S-aDq^'l- 
1/ 5-diallyl-l-bora-2-cyclohexene to 7-al]cyl-3-allyl-3-borabicyci 
(3,3,l)non-6-ene {Schert© 10). 

Scheme 10 

20^, slow 
4-0-100°, fast 

125-140°. _ //\ \ , ^ 

» / / 3^ 


oo 

Inaction of al’-yi nitriles'*"^ v/ith triallylborane at-30° 
gave an air stable derivative of 2,2,4,4-tetraallylcYclodibora- 
sane, which when heated to 100 ° ‘'-tes a?:.*,’' co ; ,iet..ly .into 
1 , 3-bis (diallylmeth3rl-2, 4-diallyl-l ,3,2, 4- diazadibo rati dines 
(Scheme 11) . 
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Scheme 11 
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Allylboration of activated olefins such as vinyl ethers 
30 

and methylcyclopropeiie leads to the formation of 1,4- and 
1,5-dienes (Scheme 12). 


Scheme 12 
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Prom the studies on the reactions of triallylborane, it 
is ver^’’ difficult to examine the extent of allylic rearrangement 
hy simple means. It therefore appeared of interest to synthe- 
size and study some of the reactions of a substituted allyl- 
borane, Pife v/anted to examine the possibilities of the mechaiiisr. 
as well as the synthetic utility of these reactions. The prorent 
vrorh deals with the synthesis and reactions of disiarayl (3-phenyl- 
.2-butenyl)borane (DSPBB) with aliphatic aldehyde (butyraldehyde) / 
aromatic aldehyde (benzaldeliyde) / -unsaturated aldehyde 

(acrolein) and aliphatic ketone (acetone) . ?3e thought that the 

examination of the reactions of DSPBB -unsaturated 

aldehyde woulsl reveal the difference in reactivity between 
allq/l and alkenyl groups and also the type of addition react:' 


V,3 RESULTS JITD DISCUSS 

The allene/ 3-phenyl-l, 2-butadiene was synthesized in 

the conventional manner starting from ^-methyl styrene 

(Scheme 13 ) . o(j-I^thyl styrene (1^) was converted into 1,1-dibromo- 

2-phenyl-2-raethyicyclopropane {2) by the reaction mth bromof'~'m 

and i3otassium-t-but oxide. The resulting 1/1-dibromocyclopropene 

derivative (2) was treated with raethyliithium in ether at-40 to 

-SO"’' to give 3-phenyi-l/ 2-butadiene (^) in gcod yield. The 

properties of the corapound corresponded vjell with those reported 

31 

in the literature, 

Disiamylborane (4) was prepared by the hydroboration 
of 2-methyl-2-butene (5) with borane solution in tetrahydrofurev. 
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Scheme 13 
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under a static pressure of nitrogen " (Scheme 14) . A solution of 
3 -phenyi-1/ 2-butadiene (3) in dry tetrahydrofuran was added to 
the above solution within 5 min and was allowed to attain room 
temperature to give disiamyl (3-phenyl-2-foutenyl)borane (DSPBB) 

, (6) as a major product along with small araount of vinyl organo- 
borane (7) , The resulting mixture (6 and 2) was treated with 

Scheme 14 
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appTOprlate aldehyde or ketone/ allowsd to stir for the required 
time, and oxidized with alkaline hydrogen peroxide. The products 
were analyzed hy GLC or TLC and pure compounds v/ere obtained by 
preparative GLC using a silicone rubber column or by column 
chromatography on basic alumina and identified by elemental 
analysis, IR and MIR, 

V,3.1 Reaction of ~>SPBB ( 6 ) with Butvraldehvde ( 8 ) 

The reaction of DSPB3 ( 6 ) with butyraldehyde ( 8 ) followed 

by hydrolysis and oxidation provided 3-methyl-3-phenylhept-l- 

en — 4-ol (9) in addition to the expected siamyl alcohol (10 ) 

and a small amount of 3-phenyl-2-butanone (JUL) (Scheme 15), The 

formation of 10 suggests that it is arising from the oxidation 

of the siamyl groups of 6 and 7, The presence of small amount 

of 11 reveals that it is formed from the oxidation of vinyl- 

borana 2 / obtained by the central attack of boron on the allenic 
33 

linkage in 3. The yield of 9 based on column chromatogr^hy 
separation was 60/^, The structure was assigned or., the basis of 
correct eleuieutoX analysis l.i and 

Scheme 15 
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IR spectrum showed characteristic bands at 3500^ 1040 due to 

alcoholic group; 989, 920 cm“^ assigned to terminal double bond 
-1 

and 1600 cm due to aromatic ring. HMR spectrum had signals at 
'^7.4 (m, 5K) aromatic protons, 6.25 (dd, = 8,0 Hz and 
dt = 11.0 Hz, IH) olefinic methine proton, 5-5.4 (m, 2H) terminal 
methylene protons, 3.9 (m, lE) methine proton and 10-10.4 (m, IIH) 
methyl, methylene and hydroxyl protons. 

V.3,2 Reaction of DSPB3 (6) with Benzaldehvde (12 ) 

The hydrobo rated mixture (6 and 7) on treatment with 
benzaldehyde (12) followed by hydrogen peroxide oxidation affor- 
ded l,2-diphenyl-2-methylbut-3-en — l-ol (j^) in 65% yield along 
with and il (Scheme 16), The structure of 33 was confirmed 
by elemental analysis, IR and NIIR. 

Scheme 16 

1. C.HcCHO (12) ^6^5. 

DSPBB (6) + 7 + 10+11 

OH 

13 

IR spectmm had bands at 3500, 1030 (alcoholic group) , 3030, 

1600, 720 (aromatic ring); 915 and 1000 cm“^ (terminal olefin). 
NMR spectrum showed signals at ^7. 3-7. 5 (m,10H) aromatic 
protons, 6.46 (dd, J =S.0Hz, J =11.0, Hz, IE) olefinic methine 
proton, 5.2 (m,3H) , terminal methylene and benzylic protons. 
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1,96 (s, IH) hydroxyl proton and 1.4 (s, 3H) methyl protons. 


V,3.3 Reaction of DSP3B (6) vcLth Acrolein (14 ) 

Acrolein (14 ) with DSP3B (6) leads to the formation of 
4-phenyl-4-methyl-l/5-hexadien->~ 3-ol (13) in 60% yield 
(Scheme 17), IR spectr’om showed absorptions at 3500/ 1040 
(alcohol)/ 3050, 1600, 700 (aromatic), 990 and 920 cm”^ (termi- 
nal double bond) , NilR spectrum had bands at ^ 7,3 (m, 6H) 
aromatic plus hydroxyl protons, 6,2 (dd, 11,0 ilz, 

S,0 Ha, IH) methine olefinic proton attached to benzylic carbon, 
5.70 (dd, 5.0 Hz, 10,0 Hz, IH) , 5.25 (cm; 4H) terminal 

methylene protons, 4.4 (bd, IH) allylic methine proton, and, 

1,4 (s, 3H) methyl protons. 


Scheme 17 
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V,3,4 Reaction of DSP3B (6) with Acetone (16 ) 

The reaction of acetone (16) with 6 leads to the forma- 
tion of a tertiary alcohol^ 2,3-dimethyl~3-phenYlpent-4-enr--2-ol 
( 17 ) in 60% (Scheme 18) . The structure of 17 was assigned 
based on elemental analysis, IR and HMR. IR spectrum of 17 
had usual bands for alcoholic^ aromatic and terminal olefinic 

, KMR showed signals at ^ 7,3 (s, 5H) aroftatic protons. 


groups 
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Scheme 13 


0 pH 

2. H,0.-Ha0H ^ ^“2 / \ ^ 

12 

6,55 (dd, «I^ = 3,0 HZ/ J^= 11,0 HZ/ IH) olefinic methine ptoton, 
5,35-4.9 (m, 2H) terminal methylene protons, 1.6 (s, 4H) , methyl 
and hydroxyl protons, 1,18 (s, 3H) methyl protons and 1.10 
(s/ 3H) methyl protons. 

The OSPBB (6) underwent a remarkably ready reaction "with 

butyraldehyde (8)^ benz aldehyde (1^) and acrolein (14), However/ 

the reaction with acetone (16) was found to be slow. With 

aldehydes the reaction was complete within one hour whereas 

acetone took about 12 hr at 60*^ for completion of the reaction. 

This indicates that aldehydes are more reactive than ketones 

towards 6 ,, There is a marked difference between the reaction 

of acrolein vrith trialltyllxirane and DSPBB. In the case of 

DSPBB (6) no product was obtained corresponding to the attack 

of siarayl group or allyl group at the -position of acrolein. 

However/ triallcylboranes react mth acrolein to give a product 

17 

resulting from 1/ 4-addition, A cyclic transition was assximed 

16 

for such a reaction by Brown and coworkers/ consistent with 
the 1/ 4-addition mechanism of the Grignard reagent, to 


DSPBB 

6 
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Cj( / ^ -unsaturated ketones?'^'^^ The ^reaction of trialkylborane 
with acrolein in absence of water or other protonolyzing species * 
leads to the formation of an enol loorinate (18) ^ which is rapidly 
hydrolyzed to the corresponding aldehyde (Scheme 19). 


Scheme 19 
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The formation of is quite consistent with the proposed cyclic- 
mechanism. However/ the non- re activity of ^ -alkyl substituted 
^ tp -unsaturated aldehydes is not explicable through such a 
cyclic mechanism. Alternatively, a free radical chain mechanism 
similar to the copper catalyzed 1, 4-addition of Grignard reagent 
to -unsaturated aldehyde'^ was speculated in accordance 

with the ex'oerimental results^^'^^ (Scheme 20), 

Scheme 20 

R- + CH2=CH-CH0 — ^ RCH^-CH-CHO — RCH 2 -CHCH-O' 

R-B 

> ECH 2 -CHCH-OBR 2 + R* 

Evidently, the kinetic chain length for the addition of a free- 
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17 

radical to a terminal unsubstituted grouping (j^) is much 
more longer than for the corresponding addition to the substi- 
tuted grouping (^) (Scherae 21), 

Scheme 21 
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Our results on the reaction of DSP3B with aldehydes and 
ketones clearly indicate that the reaction involves the migration 
of 3-phenyl-2-butenyl with rearrangement in preference to the 
siamyl group. Based on these observations, the formation of 
the olefinic alcohols can best be visualized through a six- 
mambered cyclic transition state {Ji) rather than a non-cyclic 
S_,2' process^^ (22) or a radical addition mechanism (Scheme 22), 

.fli 


Scheme 22 
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This proposal is further substantiated by the following facts? 
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(i) No 1,4-adclition product is formed with acroleinl (ii) No 
reaction tahes place with ethyl acetate or ethyl acrylate even 
in the presence of the added nucleophile like sodium acetate. 

(iii) Formation of only rearrangement product in every case. 

(iv) The reactivity difference between aldehydes and ketones. 

Finally# from the point of organic synthesis# the 
reactions with aldehydes and ketones provide a convenient 
method to synthesize ^ #)^ -unsaturated alcohols. Our prelimi- 
nary dehydration experiments with ^ ,Y -unsaturated alcohols 
suggest that it is possible to use these unsaturated alcohols 
in the synthesis of sustituted 1# 4-dienes. The reactions of 
:':)SPBB {6 ) with a( / ^ -unsaturated aldehydes give hydroxy group 
substituted 1# 5-dienes which could serve as substrate for 
Cope's rearrangement. Thus# the reactions of 'ISPBB (6) with 
variety of aldehydes# lietones# -unsaturated aldehydes and 

Icetones might provide a good way to s;imthesize substituted 
1#4- and 1# 5-dienes. 


V . 4 EXP3 RII'^SiTTMi 

Boiling points are uncorrected. All infrared (IR) 
spectra were recorded on a Perkin-Slmar Model 700 spectrophoto- 
meter as thin films between sodivim chloride plates. Nuclear 
magnetic resonance (HMR) spectra were taken on a Varian A-60 
spectrometer in deuterated chloroform with TMS as the internal 
standard. Gas liquid chromatographic analyses were done with 
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Aerograph Model 90-P instrument using 3 ft hy 1/4 inch silicone 
rubber column. Goliomn chromatography was done using basic 
aUimina (3. I-Ierck) . Micro analyses \irexe carried out by 
Mr. A.H. Siddiqui, Micro analyst/ Department of Chemistry, 

Indian Institute of Teclmology, Kanpur- 16, India. 

Starti ng M aterials 

Butyraldehyde (BDH) , benzaldehyde (BDH) , acrolein (Fluka- 
AG) and acetone (BDH) were distilled before use. Other materials 
were used as described in the experimental part of Chapter III.4. 

Preparation of 3-Phenvl-l/ 2-butadiene 

3-Phenyi-l/ 2-butadiene was prepared by utilizing the 
same procedure as described earlier in Chapter III. 4. 

Preparation of Disinmvl (3-phen-/l-2-butenvl )borane in Mtu 

2-Mathy 3.- 2-butene (1.4 g, 0.02 mol) in 15 ml dry tetra- 

hydrofuran was placed in a 100 ml three-neclced flask fitted with 

a condenser, an ec[uilibroting droppin- funnel, a thermometer 

and an inlet and an outlet for nitrogen. The flaslc was immersed 

in ice bath. To this, 7 ml of 1.6M solution of borane (0.01 mol) 

o ^ ^ 

in tetrahydrofuran was added maintaining the temperature 0-5 . 

After allowing the reaction mixture to stand at 0° for 1 hr, 

3-phenyl-l, 2-butadiene (1.3 g, 0,01 mol) was added within 5 min. 

The mixture vras left for 3 hr to attain room temperature and 

then stirred for 1 more hr at room temperature to afford mainly 

33 

alsiarayl (3-phenyl-2-t.utenyl)borane (DSPBB) in tetrahydrofuran. 



183 


Reaction of DSPBB with Sutvraldelivde 

The organoboranes obtained from 3-phenyl-l# 2-butadiene 
(1.3 g, 0.01 mol), 2-mefhyl- 2-butene (1,4 g, 0,02 mol) and 7 ml 
of 1,6M borane solution in tetrahydrofuran were treated with 
butyraldehyde (0.72 q, 0,01 mol). The reaction mixture was 
allowed to stir for 1 hr/ hydrolyzed with water and oxidized 
with alkaline hydrogen peroxide. The usual work-up of the 
reaction provided 3,0 g of a liquid product. GLC analysis of 
the liquid product on a 3 ft silicone rubber column showed 
three components. Two of the three components were identified 
as 3-phenyl-2-butanone and 3-methyl-2-butanol by comparison of 
GLC retention times and IR spectra using authentic samples. 

The third component and 3 -phenyl- 2-butanone were separated from 
the mixture by column chromatography on basic alumina. Elution 
of the column with petroleum ether (60-80*^) afforded 0, 12 g 
(8%) of 3 -phenyl- 2~butanone« The semicarbazone derivative of 
3-phenyl-2-butanone had mp and mixture mp, 169-170° (lit^^ 
mp 173°), Further 3 lution of the column with benzene gave 1,2 g 
(60%) of a liquid, bp 100-110° (bath temperature) at 1 ram* 

IR spectrum showed characteristic bands at 3500# 1040 
due to alcoholic group? 989# 920 due to terminal double bond 
and 1600 cm~^ due to aromatic ring, NMR spectnam had signals 
at ^ 7,4 (m, 5H) aromatic protons, 6,25 (dd, J^= 8.0 Hz and 
J^= 11.0 Hz, IH) olefinic- methine proton, 5-5,4 (m,2H) terminal 
methylene protons, 3,9 (m, IH) methine proton,, and 10-10^4 
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(m, IIH) methyl, methylene and hydroxy protons. Thus the 
compound was identified as 3-raethyl-3-phenylhept-l-en — 4-ol. 

Anal , for Galcds C, 84.35? H, 9.80., 

Founds C, 84.20? H, 9.50. 

R eaction of DSPBB with Benzaldehvde 

Benz aldehyde (1,06 g, 0.01 mol) was added to organoboranes 
obtained from 3 -phenyl -1,2-butadiene (1.3 g, 0,01 mol), 2-m3thyl- 

2- butene (1,4 g, 0.02 mol) and 7 ml of 1.6M borane solution in 
dry tetrahydrofuran. The mixture was stirred for 1 hr and oxi- 
dized with alkaline hydrogen peroxide. The usual work-up 
procedure afforded 3,7 g of viscous oil which gave 0,14 g (10%) 
of 3-phenyl-2-butanone, and 1.5 g (65%) l,2-diphenyl-2-methylbut- 

3- en— l-ol, bp 100° at 0,01 iVuH, 

IR spectrum showed absorptions at 3500, 1030 (alcoholic 
group)? 3030, 1600, 720 (aromatic ring)? 915 and 1000 cm“^ 
(terminal olefin). HMR spectrum showed signals at ^7. 3-7. 5 
(m, lOH) aromatic protons, 6.46 (dd, d'c = 8.0 Efe, 0'^= 11.0 HZ,1H) 
olefinic msthine proton, 5,2 (m, 3E) terminal methylene plus 
benzylic protons, 1.96 (s, IH) hydroxyl proton, and 1,4 (s, 3H) 
methyl protons. 

Anal, for Calcds C, 85.71? H, 7.56. 

Pounds C, 85.40? H, 7.50. 

Reaction of DSPBB with Acrolein 

To the solution of DSPBB obtained from 3-phenyl-l,2- 
butadiene (1,3 g, 0,01 mol) was added freshly distilled acrolein 
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(0,56 g, 0,01 mol) at room temperature. This was allowed to 
stir for 1 hr and cooled to 0°, hydrolyzed and oxidized using 
5 ml of 3M sodium hydroxide and 5 ml of 30% w/v hydrogen 
peroxide. The usual work-up procedure gave 3,2 g of crude 
product. The column chromatographic separation gave 0,14 g 
(10%) of 3-phenyl-2-butanone and 1.1 g (60%) of 4- pheny 1-4- 
methyl- l/5-hexadien.^3-ol/ bp 90-95° (bath temperature) at 1 mm, 

IR spectrum showed bands at 3500/ 1040 (hydrojjyl); 3050/ 
1700/ 1600 (aromatic ring)? 990 and 920 cm“^ (terminal olefin). 
NMR spectrum had signals at ^ 7,3 (m, 6H) aromatic plus hydroxyl 
protonS/ 6.2 (dd, IH, Jt= 11,0 Hz, Jc= 3,0 Hz) methine olefinic 
proton attached to benzylic carbon/ 5,70 (dd/ IH/ J^= 10,0 Bz, 
il^=5,0ife)/ 5.25 (cm, 4E) terminal methylene protons, 4,4 (bd, 
IH) allylic methine proton, and 1,4 (s, 3H) methyl protons. 

Anal , for Calcd* C, 32,97? H, 8,50, 

Founds C, 82.96? H, 8.40. 

Reaction of .DSPBB vrith Acetone 

Acetone (0.53 g, 0,01 mol) was added at room temperature 
to the organoboranes obtained from 3 -phenyl-1, 2 -butadiene (1,3 g, 
0,01 mol), 2-methyl- 2-butene (1.4 g, 0.02 mol) and 7 ml of 
1,6M borane solution in dry tetrahydrofuran. The mixture was 
refluxed for 12 hr at 70° with stirring and then cooled to 0°. 
The usual oxidation and I'/ork-up of the reaction products affor- 
ded 3 g of a liquid mixture v/hich on column chromatogr^hic 
separation gave 0.14 g (10%) of 3-phenyl-2-but^one and 1,0 g 
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{605o) of 2,3-<1i' i3tLyl-3-pheriylperit-4-en— 2-ol, bp 90-95° 

(bath temperature) at 1 mm. 

IR spectrum showed strong bands at 3500, 1030 (alcoholic 
group)? 3030, 1600, 720 (phenyl ring); 1000 and 915 cm" ^ (terminal 
methylene)'. MMR shoved signals at ^ 7.3 (s, 5H) aromatic protons, 
6.55 (dd, Jc= 8.0 Hz and 0^ = 11.0 Hz, IH) olefinic methine 
proton, 5.35-4.9 (m, 2H) terminal methylene protons, 1,6 (s,4H) 
methyl and hydroxyl protons, 1.18 (s, 3H) methyl protons and 
1.10 (s, 3H) methyl protons. 

Anal , for Galcds C, 82, lo? H, 9.47, 

Founds C, 82,19; H, 9,50. 



IS? 


V.5 R3FSRSNCES 


1, X'I,E,D, Hillman, J. i^er. Cliora, Soc., 84, 4715 (1962); 

85, 982 (1963); 85, 1626 (1963). 

2*' H.C. Brown and M.W, Kathke, J, itoer, Chem* Soc., 

89, 2737 (1967). 

3% H.C. Brown, Accounts Chem, Res., 2, 65 (1969). 

4. HiC, Brown, BiA. Carlson and ii.xl. Prager, J, Araer, Chem, 
Soc.* 2070 (1971). 

5. A. Pel ter, M.G, Hutchings and K. Smith, Chem. Gomiaun, , 
1528 (1970) . 

6. A. Pester, M.G. Hutchings and K, Smith, Chem. Coramun, , 
1048 (1971). 

7. H.C, Brown and M.M. Rogic, J. Amer. Chem. Soc., 

91, 4304 (1969). 


8. 

H.C, Brown, H. Hamhu 
91, 6852 (1969). 

and M.M. Rogic, 

J. 

xAner. 

Chem. 

Soc, , 

9, 

H.C, Brown, H, Harahu 

and M, M, iiogic , 

J, 

xAmer, 

Chem, 

Soc., 


91, 6854 (1969). 





10. 

H, Hamhu and H.C, Brown, J, ^mier, Chem, 

Soc, , 




92, 5790 (1970). 

11. CT, .Hooz and D.M, Gum, Chem. Commxin, , 139 (1969). 

12. J. Hoos and G.F. i-lorrison. Can. J, Chem,, 868 (1970), 

13. A, Suzuki, A, :-xase, H, i&tsumoto, M. Itoh, H.C. Brown, 
M,h, i-<ogic and 11. VA icathire, J. iiner. Chem. Soc,, 

5708 (1967) . 

14. H.C, Brown, M.ii, rcogic, M,W, Rathke and G.W, Kahalka, 

J, Amer, Chem, Soc,, 8^, 5709 (1967). 

15. H.C, Brown, H,M. Sogic, M.W, Rathke and G.W, Itabalka, 

J. Araer. Chem. Soc., 90, 4165 (1968). 

16. H.C. Brown, M.M, Jttogic, M,?A Rathke and G.W. Kahalka, 

J. Amer. Chem, Soc,, 90 , 4166 (1968), 

17. G.W, Kahalka, H.C, Brown, A. SUz\iki, S, Honiaa, .A. Arase 
and M. Itoh, J. Araer. Chgm. Soc., 92, 710 (1970), 



188 


ii.C. SiOwn and ^,W» lialDsllca/ o. Jijnsjr, Clisiii* Soc.^ 

92, 712 (1970). 

19, H.C, Brovi/n and 'j.W, Kabalka, J. iUner. Cliem. Soc,, 

92, 714 (1970). 

20. H.C, Broxvn and I-I, I'Jarnbu, J. i®er. Chera. Soc., 

1761 (1970). 

21. B.M. iiLkhailov and V, F, Pozdnev, lav, iOcad. Hanlc SSSB. 

Ser, Khim. , 1477 (1967); Chem. i^str. , §8, 29743 (1967), 

22, G. Ter~Sarkisyan, N.A. I^ilcolaana and 3.M. i-iikhallov, 

lav, Jdcad, Mauk SSSR Ser, Idiim, , 876 (1970); Ciiem, Abstr, , 
73, 44S22 (1970). 

23. J. Blais and P. Cadiot, Cxi Sci. Ser. C, 271(10), 

582 (1970); Chern, Abstr. , 74, 3690 (1970), 

24, B.M, lidkhaiiov and G.S, Tor-Garkisyan, Izv, i^cad. £?auk 
SSSR, Ser, IChinx. , 380 (i960); Chem, Jibstr, , 64, 15907 
(1966). 


25. B.Il. i'iikliailov, G.S, Ter-Sarld.syan mxd K.A. Piikoiov, Izv, 
i’ikad. ITauk SSSR Sei'. Khira. , 541 (1968); Chem. i^ibstr. , 

69, 67448 (1968). 


26. 3,M. Piikhaiiov, Yu H. Bubnov, s'uOx oIdoxihIdoxici 3.ncl 

S.i, -Frolov, Izv. *iXiiaJ.. I'-i^uk SoSix Ser, Kiiiti. , 1923 (1968)? 
Chem, xdostr., 70, 4171 (1968). 


27. 


Y’U R. Bubnov, S.I. Frolov, Y.G, 
un" B.-'I. x4ildic;.il--.>V/ Oreanoi.rj'c, 


141 s el G V , V . S , Bogdanov , 
Cliem. ..yn, I, 37 a97G-71) . 


Yu. i-T, 3xib;:?.ov arid B.M. 
Sor. iCnim. , 472 (1967) 


iiikhailov, Izv, iJiad, Haul: SSSR 
; Chem. i^^botr. , 67, 11523 (1967). 


29. 


B.M, Xlikhrdlov and Yu 
2127 (1971). 


Bubnov, Tetrahodron batters. 


30. Yu, I'l. Bubnov, O.ii, Ifcsmayanova, T. Yu, Rudashavcpaya, 
B.M. Llildiailov and. -B.M. Kazans]jy, Tetrahedron Letters, 
2153 (1971). 


31. K. rJ-dor, R, Braden and F.H. Flock, Chem, Ber, , 94, 
456 (1961). 

32. li.G. Bro-wn and G, Zweifal, J, Cmrer. Chem, Soc., 

84, 182 (1962). 



189 


33. D. S. Sethi, G.C. JosM and D. Devaprabhahara, Can. J, Chem. , 
£7_, 1083 (1969). 

34. R,E. Lutz and W.G, Revaley, J. Amer. Chern. Soc,, 

63, 3184 (1941). 

35^ L. Mandall and J,I4. Brodmann, J. Org. Cham,, 3j^, 591 (1966). 

36. M. Kharasch and P. Tovney, J. Amer, Chem. Soc. , 

63, 2308 (1941). 

37. J, Munch- Peterson, J. Org. Chem., 2^, 170 (1957). 

38. H. House, W.L, Respees and G.M. Whitesides, J, Org, Chem., 

3128 (1966). 

39. E.J, Corey and G, Posner, J. Amer, Chem, Soc., 

90, 5615 (1968). 

40. H, House and W. Fisher, J. Org. Chem., 33 , 949 (1968), 

41. H. Felhin and C, Frajemann, Tetrahedron Letters, 

1045 (1970). 

42. K, Si slow and J. Brenner, J, Amer. Chem. Soc,, 

75, 2318 (1953), 



VITAS 


The author liras bom on tenth xfoverriber nineteen forty 
six. Her primary and secondary education were from different 
institutions of ICanpur and she got her Bachelor's and Piaster' 
degrees from Christ Church College/ ICanpur affiliated to 
Agra University, She joined the Department of Chemistry for 
her doctorate in July 1967, and presently she is worhing as 
a Senior Research Assistant in the same department. 



